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LOG ANALYSIS 


1) Water saturation S 


At water level R. ).3 ohms 


2 





At level A, S = 12% approx 


2) Formation water resistivity R., 

SP 70 loge af 90 mv 
Rw 

thus, RY 0.05 « n oat BHT 

3) Porosity p 


4 0.3 
F = 0.05 


CORE ANALYSIS 
Average Porosity 30% 
Average Permeability 1000 md. 
Residual water 45% 


Connate water determined by 
restored state methods 10-12% 


PRODUCTION RESULTS 
Perforated 6581-6594 
Initial Production: 97 bbls. per day 30° API 


Gas oil ratio 


Gas increasing v 
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ee hole which has been ‘bottle 
et ee a 


Metal Petal Basket. Minimum 
safe annular clearances ore 
sufficient for safe passage of 
the basket assembly Petals 


cementing 


FOR any cementing problem where a 
lower zone must be protected from con- 
tamination by the cement slurry (as 
well as from sloughings or cavings) the 
Baker METAL PETAL Basket will be 
found both safe and successful 

The unit is constructed of a number 
of individual “petals” made of flexible 
sheet metal. These petals are mounted 
on reinforcing spring steel ribs, which 
in turn are mounted on a ring to form 
the Basket. The all-metal construction 
and design provide ample strength; les- 
sen the possibility of splitting or other- 
wise damaging the Basket while it is 
being run in the well; and the metals 
used are unaffected by the usual acids 
employed for various purposes 

When running ir the hole, the up- 
ward pressure of the fluid tends to close 





ee a 


permits such special 





FIG) 2—Basket expanded in FIG. 3—The flexible Metal Petal Basket 
readily expands to contact the entire 
circumference of holes of irregular 
tary Woll Scraper. The expan- shape, and forms a strong, one-way 


the “petals” thus provi 
sageway between the 

walls of the hole, withou 

the Basket. As soon 

to rest, upward pres 

relieved and the peta 

tact the walls of the hole. Any 
of the fluid to mo downw 
presses the flexible 

igainst the entire c 

hole. Solids which ar 

fluid tend to buil 
Basket which is thus co 


one-way packer of grea 


j hr 7. 
ga oridg 


effectiveness 

The “Metal Petals” not 
to contact the entire circumference 
also pack-off 
in holes of irregular shape; and the in 
dependent action of the individually 


large diameter holes, but 


packer which prevents downward 
movement of the cement slurry 





FIG. 4— Moximum efficiency of the 
Baker Metal Petal Basket is assured 
when a Boker Model “G" Casing 
Centralizer is used to secure a uni- 
form annulus in which the Basket 


moy expand 


mounted, overlapping petals permits 
successful use of the Basket in casing 


programs Ww ith minimum clearances 


MOUNTINGS MEET ALL NEEDS 


The Baker Metal Petal Basket is fur 
nished as a separate unit for installation 
in the field on the customer's casing 
either as a fixed unit or as a‘slidable 
unit (with the use of stop rings). When 
desired, the Baker Metal Petal Basket 
can be furnished affixed slidably or sta 
tionary on a plain or perforated nipple 
© meet the requirements of the ce- 
menting job to be performed 

For details see the BAKER (or Com- 
posite) CATALOG; or ask any Baker 
representative for specific recommen- 
dations on your cementing problems 





METAL PETALS 
are different! 





















































FIG. 5— When running pipe in the hole, the Metal Petals feadily compress as the fluid FIG. 8—By uting a Boker INVERTED 
exerts an upward pressure. Normal speed of running-in is maintained, and friction of the Metal Petal Basket, to provide an “op 
Basket assembly against the |.D. of the casing, or of the open hele, is avoided FIG 6 posed” basket hook-up, it is possible to 
When the casing comes to rest, the Basket expands against the walls of the hole Further perform ipecial cementing operations 
downward passage of fluid from above is effectively minimized, until (FIG. 7) the solids such as cementing @ blank section o 
strained out of the fluid build up a solid bridge inside the Basket, which then serves as a pipe, as shown above 

strong, safe, one-way packer 


f 


FIG. 9—A popular hook-up consists of a Baker Metal Petal Basker, 
mounted on nipple, with a Boker Cement Whirler Float Collar with Solid 
Baffle (Product No. 305) which causes the cement slurry to pass through 
the baffled, side-whirler ports 


FIG. 10—When the casing is to be rotated or reciprocated while ce- 
menting, the Metal Petal Basket is “slidably” mounted between two 
Stop Rings. This permits free rotation and ample vertical movement of 
the casing without distorting or damaging the Basket. 











MAGNESIUM 


Help you control corrosion of underground metal 


DOWELL 





| 
: 


Do you have all the facts on this low- 
cost, effective means of protecting 
buried metal against corrosion? Here 
is a new booklet filled with basic in- 
formation on the use of Dowell mag- 
nesium anodes for control of corro- 
sion on pipe lines, tank bottoms, and 
other types of buried metal. 

This 16 page illustrated booklet 
will give you the fundamentals of the 


Dowell Incorporated, Dept. 300-4 
Tulsa 3, Oklahoma 


use, design and installation of effec 
tive magnesium anode installations 
It explains how to calculate adequate 
current requirements, the number of 
anodes required, and the type anodes 
to use. Other points covered are how 
to locate the anodes for maximum 
effectiveness and the recommended 
procedure for installation 

Included in the booklet are ty pical 


Please send me a copy of your free booklet “Dowell Magnesium Anodes 


Name 
Title 
Address - 


{NODES 


Free booklet tells you how! 


case histories showing the results 
obtained when Dowell magnesium 
anodes were used to control under- 
ground corrosion. A study of these 
case histories will explain why so 
many leading businesses and munici- 
palities are using Dowell magnesium 
anodes to protect their under- 
ground installations against costly 
losses due to corrosion. 


aber" g 


MAGNESIUM ANODES FOR 
CORROSION CONTROL 








Guest Editorial 


By 
W. H. Gets, Member AIME* 
* Consulting Engineer, 


Los Angeles 


ENGINEER REGISTRATION 
AS THE LAW OF THE LAND 


R EGISTRATION of engineers is now required by law in 
every state of the Union and in the Territories of Puerto Rico 
Hawaii, and Alaska. Congress will probably pass a registration 
law for the District of Columbia, following the more urgent 
national legislation. The universality of the requirement proves 
that there are fundamental reasons why engineers should be 
registered. These reasons are superior, in some measure, to 
personal views and rights. and therefore are resisted by the 


most individualistic 


However, it was society which found it necessary to regulate 
the performance of professional people whose activities mate 
rially affected the health, safety, property, comfort, and morals 
of the public. If 


truly qualified, the need for registration would probably never 


all those who claim to be engineers were 


have arisen. But the public, prior to registration, had no 
means of distinguishing the educated and/or the experienced 
engineers from those who misappropriated and abused both 
the title and the profession. Moreover. the public attached a 
confidence and respect to the title “Engineer” and relied upon 
sts. Such 


the profession to safeguard its transcendent intere 


confidence was merited by the ethical engineer, but nullified 
by the practices of the unethical, unscrupulous, incompetent 
and downright quack, masquerading in an unprotected title 


which could be assumed or shed at will without respor lity 


The failure of structures, the insecurity of investments. the 
inadequacies of plans and designs, together with numerous 
dishonorable practices. which marked the activities of the 
unqualified, also constituted a form of competition with which 
the ethical elements of the profession could not easily cope 
The success and safety of a thousand well-enginered programs 
were publicly overlooked in the glamorized failure of a 
unengineered project. This was leading to disrepute 
* Member of the California State Board of Registration 
Professional Engineers 
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engineering. The high standards of a worthy profession were 
so easily circumvented that a legal agency had to be estab 
lished which could safeguard the public; and, if at the same 
time it lent protection to the competent engineer who had 
invested money and years in his training, so much the better. 


Registration was the agency selected. Some have called this 


“licensing.” and although there are significant differences 


the two words are sometimes used svnonyms 


Tm impact of engineering on the public welfare was rex 
ognized in the original Wyoming law adopted in 1907. Clar 
ence Johnsen, then State Engineer, drafted the first law and 
reported that the urgency therefor resulted from the design of 
water-use plans by those who had no engineering training. 
Wyoming is 
resources, if in fact any state or nation can be. Let 


Wet 


paucity 


not a state which can afford to be profligate with 
its water 
consider the situation on the 


anvone who doubts this 


Coast where future aspirations are limited by the 


of water resources, irrespective of other natural abundances 


Conservation does not imply limiting the use of a commod 


itv. but rather, to so use it as to obtain the greatest possible 


utility. This requires sound engineering, whether or not it be 
civil, mechanical, electrical, chemical, or petroleum. Sound 


engineering, in turn, requires the exercise of professional 
talents and judgment by persons skilled in mathematics, with 
the ability to apply the sciences to the solution of a particular 
problem and to record the procedure by means of plans and 
specifications. These latter can be interpreted and executed 
by others endowed with trade and other skills which, when 
responsibly applied, eventually result in safely accomplishing 
It does not follow that the latter indi- 


the original purpose 


viduals are any less intelligent or able than the engineer. 
However, the one activity is engineering while the other is not. 


Continued on Page 6 


From the Secretary 


Since | am soon leaving the staff of the AIME to take up 
similar duties with the Division of Production of the American 
Petroleum Institute. in Dallas, I more than ever feel the need 
for some expression of my personal gratitude to the hundreds 
of you whose work with Local Sections, Branch Committees 
Fall 
reviewers of papers has made this position an enjoyable one 


While this AIME 


with no thanks sought, it was done so often at my request that 


Meeting Committees; and as authors, discussers and 


for me work you have done was for the 
I feel entitled to say “thank you”, from me to you, and apart 


AIMI 


acknowledge each 


I regret the rush of events left not enough 


instance of 


from the 
time to generous cooperation 
is it arose. The associations of the past four years have meant 


nuch to me. It has been a pleasure to move among you. 


af? 
Dang 


IX 
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Continued from Page 5 
\ line of demarcation should be 
firstly 


drawn properly fixing the 
responsibility for the plan and design; and secondly 
for the execution thereof. In some cases the engineer may be 
responsible for both, but ordinarily the execution is a con 


tracting function 


The classification of individuals, in accordance with thei: 


engineering training and ability, is accomplished under the 
various state laws by Boards of Registration, or Boards of 
Engineering Examiners. It is their responsibility to judge the 
qualifications of those claiming to he engineers. Registratior 
of the qualified engineer only, eliminates the nonengineer from 
either engaging in the practice of engineering or in using the 
title “Engineer,” thus removing the implication that the latter 


is qualified to perform engineering commitments. 


wide discretionary 
They 


protect the interest of the general public in keeping with the 


The engineering boards have power. a 


well as grect responsibility must be very 


specific law, so as to prevent the registration and the practice 


of engineering by those who are not competent. Equal vigi 


lance and good judgment are also required so as not to make 


the qualifications too stringent. The boards’ standards must be 
high, but not so high as to eliminate competition and turn 
“closed shop’ 


engineering into a proposition. This is one of 


the arguments sometimes directed against the idea of regis 


tration. However, it has been the writer's experience, after 
reviewing numerous examinations, that not one has been found 
where the questions were so difficult that a passing grade 
could not be obtained by anyone competent to take responsible 
charge of an engineering project in the same field as the 
examination. Naturally, a chemical, electrical, or petroleum 
engineer should not be required to pass an examination in 
structural engineering, or a structural 


engineer pass an 


examination in petroleum engineering. However, all engineers 
in whatever branches, should be able to qualify in the basic 
fundamentals are the 


fundamentals of engineering. since the 


same in all branches 


Mos: laws, in ordet 


provide a smooth period of transition from the unrestricted 


of titles 


to prevent undue hardship, and 


permitted registration, for a lim 
a “Grandfather Clause.” Under the 
could be 


examination. In 


the restricted use 


ited time, by Grandfather 


provision a qualified engineer registered without 


written such cases, qualifications 


taking a 


were determined by the boards on the basis of the applicant's 


past experience and accomplishments, plus a prac tical spon 
sorship by those who were familiar with the applicant’s past 
work. Board records of the attempts of many applicants to 


support their qualifications, even under the liberalized Grand 


father requirement, rather definitely proved the crying need 


yineerimga was to continue ar 


for registration statutes if et 
honored profession 

under the very 
cent Many 


") ri 
. pe 


The registration mortality in California 


simple Frandfather Clause approached 20° pet 
board members will possibly agree that an additional 
cent of the applicants were able to obtain registration solely 
because they could meet the minimum statutory requirement 
that is, the written word of the law, and not because of the 
knowledge 


ire spect rlists per 


retained fundamental engineer However, many 


} 


who might fall into the latter classification 
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one restricted engineering function, and in most cases 


forming 


doing that one exceedingly well. As long as a registrant re 
stricts his activities to the particular endeavor for which he is 
harm is possibly done either to the public or to 
ssion. But the danger lies in the human urge. once 
attained professional status and the bars 
ze in expanded engineering activities for 

net qualified 


tiled to qualify 


and others, attacked the judg 
yards, and advanced arguments and introduced 

to prove that. after all, the public is not 
neering, and that the requirement to regis 
ince, accomplishing no useful purpose 


refuted 


idmit that the age in which we live can 


I vERYONI i} 


good or b ad 


igh powered.” There is no need to argue 


The fact remains that this age 
the gigantic above-ground and underground 


odern city 


the high speeds of the jet plane 


e engineered mysteries of radar, radio 


mysteries of electronic device plus the 


and the implications of atomic energy 


right to assume that the Frankenstein 
many of the things created by engineering skill 
ontrolled by competent people capable of safe 


ve property and welfare of the public 


ponsibility. therefore, attaches to the engineer 


which has ervstallized into laws intended to 


the format. plans and specifications for the utili 


ervation of resources, with all the connotations 
ic safety in the design and use of structures 
n the broadest sense, must be prepared by 


recognized competence 


inconsciously, the moral, physical, and finan 
if society in the thing which is called civili 
it all professional people, not only those in 
should be subject to discipline initially tak 


{ 


registration which provides a standard o 


of mature stature oppose registration, pre 


derogative term “regimentation.” This posi 
in emotional expression of self-satisfaction 
shteousness in resistance to law, which may 
but includes some elements of the insanity 


se of murder. Moreover, no one contends that the 
medical doctors are regimented, although the latter 
have been required to register for nearly 100 
ponents claim that registration is not in the 
iting the case of petroleum engineering which 


ot affect the welfare, safety. happiness, or 


vulylic This 


the responsibilities of an engineer, and 


ittitude indicates a rather imma 
ilready in the profession is very apt 
ndividual’s own personal standards 
“lan engineer he may be. In addition 
ve already held that it is not the province of the 
idge what is or is not in the public interest 


function of a legislature which, when it speaks in 
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the passage of a law, exercises a superior judgment whic! 
courts will sustain, unless the action of the legislature is dete: 
mined to be capricious. Surely it cannot be successfully argue 
that the 48 legislatures, in passing engineering registratior 
statutes, all acted capriciously. 


"hl HEN. there is the die-hard position that registration de 
prives a person of his right to work, as guaranteed by th: 
Fifth and Fourteenth Amendments to the United States ( 

stitution. These are the amendments which provide that “N 
person shall be deprived of life, liberty, or property, without 
due process of law.” In this connection, a profession has been 
interpreted to be property, and the amendments have beer 


construed as guaranteeing an individual's right to wor 
Somewhat in support of this position, the courts have 
that there are occupations which in themselves are harm! 
and in which men have engaged immemorially as a “matter 
common right,” and that these occupations should not be 
rounded with restrictions which bar an individual. Certai 


engineering has been practiced immemorially. However 
amendments, and all laws expressing similar security, do 

permit people to engage in unlawful pursuits. If gangster 

is your occupation, your right to work at it is not only re 
stricted, but you are put away for good. One may be licensed 
to sell liquor (quite different from registration), but the boot 
legger goes to jail as a result of his persistence in such work 
Accumulating gold used to be the favored work of many, but 
today you lose your liberty, and your property as well, if it 
found in your possession. There are literally hundreds of put 
suits essentially quite harmless in themselves but which have 
become unlawful because they adversely affect public interest 
Even inanimate things, like automobiles, boats, airplanes, to 
gether with the operators, must be licensed or registered. The 
list may go on endlessly to include the butcher, the baker, and 


the candlestick maker. 


The licensing, or registration, either of people or thing 
is an evidence of the police power of the state. The Constitu 


tion does not guarantee an individual the right to engage ir 


any business, occupation or profession which injures the 


general public, or which injures a substantial group of the 


public. The right to work, lofty as that may sound, is subject 


in every case to reasonable regulation by the proper author 


| I therefore follows that the state properly can demand ev 


dence of one’s definite skill before he may engage in a spe 


cific occupation. Such is the case with the airplane pilot. An 
} 


nomi 


inexperienced pilot is as dangerous to the public as a 
cidal maniac. If skill is required in operating a machine, how 
much greater is the need for skill in the design of that ma- 
chine. If the relationships are to be placed in their proper 
order, the machine itself must first be safe, and hence the 
designer-engineer is a prime candidate for licensing. Cons¢ 
quently, the right to work is subordinate to the superior 1 
and even the duty, of the state to exercise its police px 
in protecting the public, even if thereby the rights of ar 


vidual are restricted 


Therefore, it is not accidental that engineer registratior 


have been passed by all the states. The legislatures have 
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in effect, that engineering does affect the public welfare, and. 
since to be an engineer requires special training, the police 
power is invoked to assure that those engaged in professional 


engineering have the required training. 


The basic re quirements tor registration cannot be considered 


as other than reasonable. First, the applicant must be of good 


moral character, a re quirement with which no one could com 


plain. Second, he must show evidence of sufficient engineering 


education obtained either in school, by self education. or 


through years of experience. Third, in addition to the educa 


tional requirement, he must have had the necessary practical 


experience. Following the termination of the Grandfather pro- 


Vision, some states require that an applicant must first pass a 


written examination in fundamental engineering. Then, with 
uth practical experience, he may take a second examina 
tion in the direct application of his particular profession. Hay 
ng passed the first examination, and not being qualified to 
the second, the status “Engineer-in-Training” may be 
granted. Under the Grandfather Clause, this status was auto 


matically extended to graduates of accredited engineering 


schools 


U NEFORTUNATELY, the laws of the various states are by 


no means uniform neither are the standards as set up by 


the examining boards. The professional societies are quite con 
scious of this situation and are endeavoring to promote a 


“Model Law 


the following 


This law has been approved and endorsed by 


American Institute of Electrical Engineers 
American Society of Civil Engineers 
(American Society of Mechanical Engineers 
American Association of Engineers 

American Institute of Consulting Engineers 

National Society of Professional Engineers 

National Council of State Boards of Engineering Examiners 
American Society of Heating and Ventilating Engineers 
American Institute of Mining and Metallurgical Engineers 
Illuminating Engineering Society 

Society of Naval Architects and Marine Engineers 
American Institute of Chemical Engineers 

Society for (formerl 


(American Engineering Education 


Society for the Promotion of Engineering Education) 


In conclusion, those now studying engineering, as well as 


many who have not applied for registration, should realize 
that the 48 states, and the Territories, have statutes covering 
registration. Consequently, registration is truly the “Law of 
the Land,” and since 13 professional societies have approved a 
law, registration is also the “Law of the Professions.” Un 
doubtedly, registration of engineers is here to stay. and as 
time goes on the education and experience requirements are 


quite apt to become more and more stringent. 


REFERENCES 

R. W. Sorenson and A. H. Lovell. “Registered Professional 
Engineers Electrical Engineer, August, 1949, 

D. B. Steinman. “Story Behind Registration 
Engineer, Vol. 19, No May, 1949. 

John L. W ‘Licensing for the Engineering Pro- 
tmerican Society for Engineering Education, Rens- 
Institute, June 20, 1949. ~* * 


-. . 
* ” American 


ddleton 
lession 


selaer Polvtechni« 


SECTION 1 





‘ROM talking to him you wouldn't realize that John 
Sherborne is a native Englishman. But upon being asked 
he will tell you, in his unassuming way, that his first resi 
dence was established at Leeds in Yorkshire in 1911. After 
the young years, he came with his parents to the United 
States in 1920, and the family settled in Southern California 
He became a citizen of the U. S. in 1926, and was gradu 
ited from high school at Long Beach 

An early interest in things scientific developed from 
watching the nearby oilfields, and as the turbulent thirtie 
began he entered California Institute of Technology. Dili 
gent study occupied his time in college, with varied jobs on 
the side. Illustrative of his patient determination was the job 
he took after the Long Beach earthquake in 1933 he 
cleaned thousands of bricks from fallen buildings with a 
mortar trowel to add to his college fund. He was rewarded 
by a B. Sc. degree from Cal Tech in 1934. This did not 
satisfy his desire for education, and with his interest in 
oil firmly established, he went on to receive a M. Sc. in 
petroleum engineering from the University of Southern 
California 

John joined the Union Oil Co. of California in 1936, a 
in apprentice engineer. All of his business life since ha 
been with Union, and in October, 1949, he was made assist 
ant to the vice president in charge of research In between 


he has held a series of highly responsible positions, Until 


1940 he worked in research and in production engineering 
from then until 1944 he ved as a process engineer 
charge of those phases having to do with oil and wate 


gathering and handling. dehydration, water disposal an 
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Petroleum Branch Chairman 
1950 


1945 he was made division production 
1948. he was promoted to chief pro 
rineer; and in August of 1948 he was 
on engineer. In his early years with 
ind built an apparatus for improve 
sis technique, and the company’s core 


tanding since then 


d Miss Dorothy Thompson were married 
three boys whose ages are approximately 
Before the children, the two of them 
sleeping bags and go into the mountains 
hunt_rocks and hike in pursuit of his hobby 
Boating. fishing, photography and mountain 
ire also hobbies that occupy some of his now scarce 
time. One would never guess it, but he is almost a pro 
blower, having learned the technique at Cal 
ing in chemical engineering. From 1940 until 
is a member of the petroleum engineering 
liversity of Southern California, conducting 
im various phases of petroleum production 
igineering 
in active part in AIME activities since be 
nber in 1938. Among the Petroleum Branch 
on which he has served are the Membership 
ind Engineering Research. of which he was chairman from 
1946 through 1948. Since 1946 he has been a member of the 
Brancl ecutive Committee, and he served as vice chairman 
n 1949. In 1949 he also served as chairman 
Technology Committee, this committee 
being responsil for the programs at the Branch Fall 


Meeting 


1), SPITE the heavy load of all these activities in previous 
John | 


ias been very active in other organizations. He 


years 
m several API committees; from 1941 to 1943 
hairman of the Subcommittee on Core 
ctric Logging: and from 1944 to 1945 he 
rman of the lopical Committee on Pro 
He is also an active member of Sigma 
the AIChE 
lose associates produces only 
John. He is a soft spoken, com 
does not seek attention but 
efficiency. He is well known 
dustry and profession, and 
capable guidance by hin 


~*~ * ® 
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pterial Photogrammetry 
As Applied to the Petroleum Industry 


By Louis A. Woodward, Jack Ammann Photogrammetric Engineers, San Antonio, Texas 


To a great many people, a map is 
something you get with a iank of gaso- 
line at the corner filling station. How- 
ever, if you are faced with the problem 
of locating and building an access road 
to a well location several miles back 
in the mountains, or locating and build- 
ing a pipe line from here to Albu- 
querque or Los Angeles; the road map 
obtained from the filling station will be 
of little or no value. A different type of 
map is required for this purpose, one 
showing all cultural, drainage features, 
and contours, supplemented with aerial 
photographs and possibly an aerial pho- 


tographic mosaic would be of material 


assistance. With such map information 
your job of locating the road or pipe 
line would be greatly simplified, the job 
could be completed much more rapidly 
and for considerably less money. 

Many people representing both large 
and small organizations either do not 
recognize the value of adequate map in 
formation or do not know how cheaply 
map information may be obtained in 
relation to costs that will otherwise be 
incurred. For example consider a smal! 
company drilling a wildeat wel. in Ban 
dera County, Texas, several miles from 
the closest federal, state, or county 
road and the number of people that 


will have to visit this well- before the 
“bottom of the hole” is reached. To 
reach the location one might be given 
a description such as “take highway 
number 90 west from Uvalde about 
three miles to the second gate beyond 
the creek . . . turn right through the 
gate and go about three miles to a road 
fork . . . take the left hand fork until 
you cross the second creek . . . then 
follow the creek upstream about one 
mile and”... by this time you are 

ch way te the well location and most 
of the people having occasion to go 
there are lost. 


If aerial photographs of the location 


Fig. 1-~hotograph of an area of Wyoming shows at a Fig. 2-— Photograph shows two geological features at a 


glance ali phases of the oil business. A closed structure 
appears on the lowcr portion, several oi) wells in the cen- 
he top, and tank cars and pipelines in 


ter, a refinery at 
the middle 
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glance, namely a dike cutting across a fault. This inacces- 
sible area is in South Central Utah. 
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and surrounding area served no other 
purpose than keeping these people from 
weting lost they would more than pay 
for themselves 

We in aerial photogrammetry must 
determine and demonstrate how our 
products can serve to further the inter 

ts of various fields of endeavor. We 
have found many ways of assi-ting 
organizations primarily interested in 
exploration and development work. In 
the petroleum industry geologists are 
the largest ucers of aerial photogram 
metric materials. A geologist friend of 
mine explains this by claiming that the 
average geologist is not lazy but is very 
ingenious in finding ways to do his 
work without using any more physical 
energy than absolutely necessary. It 
was found that aerial photography not 


only simplified held geology but that - P : , . 

Fig. 3 \ few of the various types of cameras necessary to meet current aerial 
photogrammetric requirements. Cameras having focal lengths from 5 in. to 24 in. 
could be quickly found on the photo are frequently required. 


many structures and other feature 


graphs that could not first be found on 


the ground. In most cases aerial pho ' 


OD Fa AIOE LE DESAI ID. AP 


tography alone will not locate o | wells, 
however they will show the geologist 
which areas are the mo-t promising and 


must be worked on the ground and al-o 


a aK AE 


which areas are of Little or no impor 
tance, 


For photo-geology an aerial negative 


seale of 1:20,000 obtained with a pre oe 
cision camera having a focal lens of 8'4 Z, r a - 
| I to | t sat ‘% 
in, or tonger has proven to be me sa * . by . « 


sfactory. For other purposes different 
camera, scales and flight heights are re- 
quired. Within the past year we have 
flown jobs as low as 800 tt and as hig) 
as 32,000 ft or six miles above sea level 
lo obtain photography such as required 
by the geologist, the plane flies paral 
lel strips two miles apart at an altiude 
of about 13.750 ft above mean ground 
level. Exposures along each flight are 
taken at intervals of about one mile 
Thu the adjacent strips of photo 
graphs will overlap about 30 per cent 
and the adjacent photographs in line 
of flight will overlap about 60 per cent. 
This method of flying assures that every 
part of the area will appear on at least 
two photographs taken from different 
air positions 

The maximum value can 
rived from aerial photograp 
the aid of a stereoscope 


placing two photograph ; : 
Fig. 4 Photo-index showing normal arrangement of flights and photographs. 


area under a stereoscope 
i Area is near Lander, Wyoming 
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sible to view and study the area in the 
third dimension. Relative heights of 
hills, depths of canyons and slopes of 
terrain, ete., are easily determined. Not 
more than 50 per cent of the value con 
tained in aerial photographs can be 
obtained without the aid of a stereo 
scope 

In many cases a mosaic or photo map 
compiled from a group of photographs 

give a composite photograph of a 


Fig. 6 — Mosaic of an area comprising approximately 10,000 acres in Wyoming 
was compiled from 36 aerial photographs. The net area covered by a single 


Fig. 5 — Mirror and di-optic lens type 
photograph is outlined. 


stereoscopes most commonly used. 


Fig. 7 — Section of an 800-mi. pipe line mosaic. The mosaic was used for locating the line, acquisition of right-of-way, 
computing the amount of pipe and where pipe could best be stockpiled to be readily available for construction crews, 
for locatine pumping stations, and for many other purposes. 
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larger areas is very helpful. Except 
when the area of interest is small, such 
as a complete structure appearing on a 
single photograph, a much better over 
all appreciation of an area can be ob 
tained from the mosaic than from the 
individual photographs. Generally, a 
stereoscopic study of the individual pho- 
tographs together with a mosaic of the 
entire area under consideration will 
disclose the most information 

No single photograph would have de 
picted the complete story of the area 
shown in Fig. 6 as was the case in Fig. 
1 and 2. By the proper application of 
photogrammetric methods, equipment 
and materials, aerial mosaics can be 
made to appear as one large photo- 
graph. Only the center portion of the 
photographs are used in compiling such 


mosaics. Measurements made on prop- 


os 


erly compiled mosaics will be consider 
ably more reliable than those made or 
contact prints 

Aerial photographs and mosaics sup 
plemented by topographic maps of crit 
ical areas have been found very u 
in connection with pipe line locatior 
and maintenance. After the general lo 
cation of the line has been made a 
strip of photographs and a mosai if 
ficiently wide to cover all possible final 
locations will go a long way toward 
making the be-t and cheapest location 
Che topographic maps of critical point 
such as river crossings and mountain 
ous areas give advance information on 
construction problems at such points 
and permit proper planning. Such mate 
rials are also very helpful in dispatch 
ing the proper equipment and personnel 


to promptly fix breaks in the line 
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[he geologist in his never ending 
search for ways of doing geology with 
a minimum expenditure of physical 
energy and the aerial photogrammetrist 
soon got together on another type of 
work. By using photogrammetric equip 
ment and only a few random field sur- 
vey points it was demonstrated that the 
aerial photogrammetrist could deter 
mine elevations of any point required 
by the geologist. With elevations of all 
points desired, the geologist found that 
a very substantial part of the geology 
of an area can be completed in the of- 
fice in a very short period of time and 
that field work was reduced to a mini- 
mum. 

On January 6, 1949, we photographed 
an area of 368 square miles and deliv- 
ered the photographs complete with 


9,212 elevations on March 24, 1949. The 





area had a range in elevations of about 
500 ft and was typical inaccessible can 
yon country. The geologist required the 
elevations of the 5.212 points be correct 
within plus or minus 5 ft so that very 
accurate structural contours could be 
drawn. After the structural contours 
had heen delineated on the individual 
photographs they were transferred to 
a composite mosaic of the area at a 
scale of l-in. to 4,000 ft. A total elapsed 
time of 79 calendar days were required 
to complete the project. During this 
entire period favorable weather pre- 
vailed less than 40 days. 

This method of combining the spe- 
cialties of the photo-geologist and aerial 
photogrammetrist are a necessity in 
areas where a land owner will not al- 


low a geologist or seismograph crew in 


the area prior to a lease agreement 
With survey control along roads and 
railroads the aerial photogrammetrist 
can in most areas determine elevations 
of any point between and the photo 
geologist can thus determine whether 
the price of a lease agreement is a good 
investment 

Too many people are familiar with 
only the small scale large contour inter 
val topographic maps that are produced 
by agencies of the government. Most of 
these maps are at a scale of either 
1 in 1 mi. or 2 in 1 mi. with con 
tour intervals of from 20 to 50 ft. For 
reconnaissance and other general map 
uses these maps are quite satisfactory 
however since most operating organiza 
tions require large scale detailed in 


formation, the government maps have 


been found to be of little or no value 
for development work. In order to know 
exactly what conditions are going to 
be encountered on the ground large 
scales and small contour intervals are 
necessary. During the past few years we 
have been called upon to make topo- 
graphic maps at scales from as large 
as | in 40 ft showing 1 ft contours 
down to 1 in. = 400 ft showing 10 ft con- 
tours. The cost of a topographic map 
compiled by photogrammetric methods 
seldom exceeds 60 per cent of the cost 
of such maps when plane table methods 
are used. Maps produced by photogram- 
metric methods are generally consider- 
ably more accurate and complete than 
those produced by ground methods. 

It has been found that the Multiplex 
stereo-photogrammetric equipment as 


Fig. 9 — Portion of photograph shown in Fig. 8 with structural contours as drawn by a photogeologist. These structural 
contours are based entirely on the elevations determined by the aerial photogrammetrist and data interpreted from the 
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manufactured by the Bausch and Lomb 


Optical Co. is most suitable for topo 
graphic mapping. The first operation is 
to obtain photographs of the area in 
question Second it is necessary to de 
termine what field survey work is neces 
sary and establish and identify the ne« 


essary survey points on the photographs. 


he 


transferred as a diapositive to 64 mm 


aerial photographic image is 
glass plates which are placed 


Fach 


projector represents the position of the 


x 64 mn 


in the projectors shown in Fig. 11 


airplane as the exposures were made 


along the flight line. The operators of 
with one 


blue 


ind red filters are placed in the projec 


glasses 


Alternate 


this equipment wear 


blue and one red lens. 


tors. The glasses worn by the operator 


filter the proje ted images so that each 


eye independently views an image of 


} | 


the same area taken from different air 


stations. The Lrain resolves the minute 
differences between the two images into 
terms of depth or the third dimension, 
and with the plotting table it is possible 
With hori 


zontal control within the overlapping 


to measure in this dimension 


irea of the two projectors on eac h end 


of the bar and elevations scattered along 
the flight, it is possible to adjust the 


projectors to give a seale model of the 


the entire flight of 


Cove red by 
After 


photog aphs the adjustment is 


completed control points are 
plotted within the overlapping area cov 


red by The 


control tor worked on 


each pair of projectors 


two flights are 


one large sheet of paper and after this 


operation is comlete the large sheets 


are cut into smaller sheets and trans 


ferred inte plotting rooms where the 


topographic drawn 


The Multiplex 
using the ontrol ¢ 


bridging 


maps are 


pl ting 
tablished by the 


equipment 


operation is used to draw 


topographic maps or read elevations as 


required by the geologist 


Topographic maps as produced by 


aerial photogrammetry are finding many 
additional uses by the petroleum indus 


try. Thev have been extremely valuable 


in connection with oil field development 
Iwo topographic maps recently com 
Texas of their 
held in West 
Ceeneral 


field in 


material 


piled, one for Standard of 


Scurry County Texas, and 
Petroleum of 
Wyoming have 


te th 


other lor 
Worland 


heen of 


the 
their 
‘ il le 


le se 


com 


panies. These maps have been effective 
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in over ill pra 


lv used 
ticular value in 


The best 


pl iwced a number of we 


trons 
locations, such as stes 
flat 
flash floods 


on the topographi 


stream beds that 


rhis w 


to locate these we 


locations and use 


put the bottom 


sired. Such map 
uable in locat 
ing systems 


has been possible 


pipe 


so that most of the 


lines ‘ 


onne 
by gravity flow, tl 
pumping operations. P 


laid out and expanded 


these reliable map 
out and constructed 
tu be most aces I 
and the best locatior 


lease houses 


There are 
The Vv are aet 
togr iphic mos 
ographic map We 
“base maps i 
upon which 
plans may be 
user to arr 
to the subj) 
may be geolog 


opment plans 


ations, tank locations, and many oth 


all of which have a special purpose 


necessary for efficient opera- 


» above mentioned four basic types 


Map may again be subdivided into 


groups, one of which shows the map 





Meor Ground Surface 





Fig. 10 — Diagram of Multiplex prin- 
ciple. The ground image is recorded 
through an aerial camera on to low 
shrink base aerial film, transferred 
to glass positives and then projected 
to scale on the Multiplex plotting 
table. 


Multiplex bridging equipment. 
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information by a photographic image 


while the shows such informa- 


second 


tion by lines and symbols. Because of 
the inherent errors in the aerial photo- 


graphic image it is possible to prepare 


Fig. 12 - 


Nites ad 


onan TA \ 3 
Fig. 13 


contours at scales from 1 


at larger scales are more satisfactory. 
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Multiplex 


Section of a topographic map. This type of 
in. = 200 ft. to 1 in. = 400 ft 
effectively in oil field development. For large plant sites 1-ft. and 2-ft. contours felds. 
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the line at mix pe of »to a of which will produce a map of different 


much hig quality. In maps like all other items a 


pared by line nd sv ols all have purchaser received about what he pays 


the same general ! nd may for provided the purchase price re 


be compiled | the cost of production, A- map 


compiled and containing pu 


errors can be made to 


gross 
ir as neat, legible, and artistic as 


‘ mpiled by sound engineering 


xls. However a small map user 
itilizes a map to maximum advan- 


will 


or eXa ipl try 


soon discover the difference 


laying out a gravity 


tem on ar naccurate map some 


and see how it works 


r dollar, the most and best 
will be 
are anticipated in advance 
actually 


Dollar fe 


ip information obtained = if 


p nee Is 


the date the maps are 


led. Map requirements should be 


horoughly analyzed before a decision 


made te procure any type of 


thought 


maps 
should be 


over all 


ay derable 
to eventual, or need- 
than to immediate needs alone 
far more economical to originally 
vend a thousand dollars for maps that 


*lotting 
PI | meet all 


requirements, than to 
nd six or seven hundred dollars three 
four times to meet immediate needs. 
the 
accurate up-to-date information. I know 


that 


I cannot overstress importance of 


of one organization recently put 


chased a set of existing aerial photo 
graphs taken some 10 years ago rathet 
than to have new ones made for a pipe 
line location and thus saved a few hun 
dred dollars at this point. However the 
location selected on the old photographs 
was found to go through an airport, 
everal new subdivisions and an Army 
e. all of which were established since 


points far ex 


the photographs were made cost 


of relocation at these 
ceeded the amount saved by purchasing 
the old photographs. 

In closing | would recommend that 

hen a map problem arises that it be 
discussed with an engineer specializing 
Ask for 
the type of photographs and maps 
this 
ure that the end result will be maps 


mapping recommendations 


i te 


most suitable for purpose. | am 


that will meet the stated requirements 


it a cost considerably less than if pro 


luced by competent civil, mechanical] 


petroleum or other engineers who have 

it 1 general knowledge of mapping but 
10-foot who have devoted the majority of their 
very 


map with 5 or 


have been used time and effort to specialization in other 


eo @ 
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Associate in Arts in Petroleum Technology: A 
New Approach to Formalized Training for the 
Petroleum Industry 


By Joun ©. Nigra, Member AIME 


Head of Department of Petroleum Technology 
I £) 


Orange Coast College. California 


EDITOR'S NOTE: This description of the junior college training of technicians 
for the petroleum industry was condensed from a paper prepared by John O 


Vigra, member AIME. It is published in the hope that it will provoke comment, 


for publication, on the value to the industry, or the profession, of two years of 


technical training for individuals working in the industry. 


This condensation 


excludes many of Nigra’s explanations of the Orange Coast method of conducting 


sub-professional training, and the need for such training. 


Introduction was aided materially by the California 
a we me ~“ducatior s out 
A need is being recognized for the nee = Pa sh ~ educa . , 
> y > Ce rnia State Jepart 
training of technicians for the petro- = , Pn aaae a ' ; ms _ 
ment Fducation, ane y the mer! 
leum industry on the junior college a : , ’ ; a ‘ 
“an “tr eum institute outhir 
level instead of in the conventional four ae — aeuibenagey 
mas cational training. In the secon 
and five-year university pattern. This 
1 the petroleum major it was 
need is expressing itself in the estab- ; ; 
vedient to introduce a tew 
lishment of petroleum technology I wa R 
the curriculum, making 
courses and departments in a small 
more functional and flexibl 
number of junior colleges 


The latest addition to these institu- 
tions is Orange Coast College, located Advantages 
in Costa Mesa, Orange County, Califor- rhe aims of the petroleum technology 
nia, not far from the Newport and major are to prepare, not engineers 
Huntington Beach oil fields. This school but technically trained personnel able 
opened its doors in September, 1948, to fit in time into sub-professional and 
From the first it was able to plan an supervisory jobs in the oil industry 
offering of terminal education courses [This is in line with the general objec 
in such fields as petroleum technology, tives of terminal education in Seine 
agricultural technology, building trades, college. Students who have undergone 
metal trades, engine mechanics as well this training will have acquired a the 
as the business administration divisions oretical and functional understanding 
of merchandising, secretarial training of the fundamentals of oil field develop 
and accounting. ment and exploitation. They will have 

Che petroleum technology curriculum the advantage over those students en 
was planned and organized by the writ- rolled in the conventional petroleum 
er after months of research and con- engineering training in that they will 
sultation with interested committees rep- have covered the same basic subject 
resenting the oil industry in southern matter (bereft of frills) and will be 


California. Preparation of course syllabi ready to occupy their places in industry 
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four semesters sooner. This head-start 
will enable them to adjust themselves 
to the job: they will have the oppor- 
tunity of becoming acquainted with 
their bosses, of learning the table of 
organization of ther departments and 
related ones, of gaining an earlier in 
sight into company policy and_ tech 
niques; and they will acquire the spirit 
of lovalty to employer that comes only 
with time on the job. These advantages 
for the technical four semester college 
graduate might well offset the disadvan 
tages of having gained a less complete 
(but no less integrated) type of edu 
cation that their university brethren 
might have. At any rate, the disparity 
would require many years to prove and 
in the mean time, the earlier graduate 
would be well financially ahead of his 


eight-semester cousin 


Objectives 


The petroleum curriculum offered at 
Orange Coast College comprises four 
semesters. On completion the student is 
granted the Associate in Arts in Petro 
leum Technology degree. The technical 
course work is supplemented through 


out its entirety with integrated courses 
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in the humanities such as English, his- 


tory, psychology and hygiene. 


Organization 


the curriculum is 


The 


best attested to by the number of elec- 


flexibility of 


tive units, seventeen in all, as shown 
in Tables I-A and I-B. Nineteen units 
of the total 64 
one out of the four required semesters ) 
the 
Petroleum — Institute 


Association of Oilwell Drill- 


(representing roughly 


are for courses in humanities. 


American and 
American 
ing Contractors sponsored manuals pre- 
pared both by the University of Texas 
and Oklahoma A & M College are used 


s texts wherever applic able. 


It will be 


the petroleum industry are touched on, 


noted that all phases of 


including exploration, development, ex- 


ploitation, and refining. Drilling and 


production practices are emphasized, 


however, because it is in these areas 


that the greatest employment possibili- 
ties exist for the graduate. Direct dona- 
tion or loan of mechanical equipment 
and supplies has made possible to af- 
ford class room and lab demonstrations 
of bits 
sucker rods, drilling fluid chemi- 


pumps, tool joints, valves, fit 


al additives, ete. 


ght school is a constituted part 


junior college program which is 
indus 


fulfill community and 


adult 


set up to 
education 


fields 


industries in 


trial requirements for 


in technical as well as cultural 
surrounding 


the 


relieving 


many instances of necessity of in 
stituting, staffing and presenting their 
own costly on-the-job program. The pos 
sibility of offering actual training in 
such skills as drilling. well-pulling, still 
the how 


operation, etec., on campus, 


ever, is now prohibited by cost. 


Evaluation 


few other curric ula of simi- 


different 


Like the 


lar nature being offered in 


parts of the nation, the petroleum tech 
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now in 
organized 
engineer 
cultural 
ever, that a 
minal <¢ prov 


r place in the pet 


ready te ta 


leum ind sub-professional capac 
ities and t ul 

These po 
quential 1 lity, are the 


filled by 


vears later 


perhaps 
same 


raduate 


conclusior tl t ti lunction two-vear 


approach migt bye preferable 


advantage earlier earning powel 


adjustment 1 the job cquaintance 
ind orientation 


ind 


with persor 
pany met 
considere 
gineering 
technical 
time ts not 
likely to 
stances 


considera 
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lechnology Curriculum 


Year 


Petroleum 
First 


First S 
Introduet to the 
Petre Industry 


Appl ead \ 
Engi 


Physic il t-eology 


thematics and 


eering Problems 


English Composition and 


lect ( Report Writing 


Introd: 


Electi 


JOURNAL OF PETROLEUM TECHNOLOGY 


Second Semester Units 
Petroleum Production 
Practices 
\pplied Science“and 
Engineering Fundamentals 
Historical Geology 
Hygiene 
English Literature 
Phy 


Klective* 


sical Education 


Electives in Engineering Drawing and 
Plane Surveying, or in supervised work 
field . 


minimum of one summer olf 


n the oil strongly recom 
nded. A 


experience 


tical will be required 


pra 


for the Associate in Arts in Petroleum 


Pes hnology degree. 


LABLE LB 


Petroleum Technology Curriculum 
Second Year 
Semester Units 
Drilling Methods 
Mud Control 
Petroleum Geology 
American History 
Industrial Organization and 
Labor 
Physical 


blectives* 


Relations 


Education 


th Semester 
Refinery Techniques 
Petroleum Tests 
of California 


Oi Fields 


American Political Institutions 


( eology 


Physical Education 


Electives* 


Electives in Mathematics and Science, 
in business Education, or in some of the 
ther technological areas are recom 
ended 


ve judiciously 


Counselling for these should 
effected on the basis of 
and re 
a Oe. 


vlividual student aptitudes 


quirements 
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PETROLEUM BRANCH PROGRAM 
AIME, 1950 Annual Meeting 
Statler Hotel, New York City 
FEBRUARY 11-15, 1950 


Saturday, February 11 


Morning and afternoon 
Council of Local Section Delegates Meeting 


Sunday, February 12 
Morning and afternoon 


Joint Meeting, Council of Local Section Deleg: 
AIME Board of Directors 


Monday, February 13 
Morning 
Registration 
Opening Luncheon All-Institute. Principal speaker 
General Dwight Eisenhower, President, Columbia 


University 


Afternoon 
PETROLEUM TECHNICAL SESSION 

L. E. ELKINS and GAIL MOULTON, Presiding 

The Microlog, a New Electrical Logging Method for 
Detailed Determination of Permeable Beds, by Henn 
(. Dour, Schlumberger Well Surveying Corp.. Ridge 
field, Conn 

Imerican Oil Shale Developments, by J. B. Mute, U.S 
Bureau of Mines, Rifle, Colo 

Relative Productivity of Perforated Casing, by Rowent 
A. Howarp and Manrsu 5S. Watson, Jn.. University 


of Oklahoma, Norman 


Tuesday, February 14 
Morning 
PETROLEUM ECONOMICS SESSION AND 
PETROLEUM TECHNOLOGY SEMINAR 
Economics Session, PAUL SCHULTZ, Presiding 
on and Its Application to the Conservat 


Oil and Gas. by La. Gen. Ernnest O. Tuomeso 


Member, Railroad Commission of Texas, Austin 


The economics portion of this session will be compteted 


by an address of significance by another noted analvs 


Details will be later announced 


Petroleum Technology Seminar 
JOHN SHERBORNE and PAUL ANDREWS, Presiding 


The Recent Past and I eseeuble Future of Product 
Te Anology 
From the Management 


In., vice-president, Sohio Petroleum Co., Cleveland 


Viewpoint, by R. W. Frencu 


Ohio 


SECTION 1} 


JOURNAL OF PETROLEUM TECHNOLOGY 


iewpoint, by Cuarces V. Mu 


Amerada Petroleum ( orp 


rch Viewpoint, by Morris Muskas 
vsies Division, Gulf Research and Develop 
Pittsburgh, Pa 
ch of these brief prepared observations 


be opened for audience pa ticipation 


Ladies’ Luncheon and Style Show 


Afternoon 


PRODUCTION REVIEW SESSION 
D. V. CARTER, Presiding 
on consists of brief presentation of world-wide 
vent and preduction highlights of 1949, Pres 
will be by the following members of the 


im Branch Production Review Committee, or 
W. Beruin, Standard Vacuum Oil Co 


S., by GeraLp Eppy, Michigan Dept 
servation, Lansing, Michigan 
nU.S., by Joun K. Wricurt. Jr., Missis 
i State Oil and Gas Board, Jackson, Miss 
Vountains, by Raymono M. Larsen, U. S 
Casper, Wyoming 

ist, by L. E. Porter, Richfield Oil Corp 
Calif 

estern U. S., by R. B. Guimore, DeGolyer & 

MacNaughton. Dallas. Texas. (Partial presentoi 
be announced. } 


Presentor to be announced 


V nent { S 
Evening 
wh Cocktail Party and Dinner. ladiex 
informal for men, ladies optional. In 
950 Petroleum Branch officers. Principal 
e Business is This?, by Tom Orr, exe: 
iry. Kansas Independent Oil and Ga 
Wichita, Kansas. 


Wednesday, February 15 


Morning and afternoon 


Ope eetil Executive Committee, Petroleum Branch 


Evening 
\ll-Institute Banquet. Dress, formal preferred 
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Personals 


Harotp Decker has been named STRANG RESIGNS Harvey T. Kennepy has joined the 
president of Housten Oil Co. and Hous- FROM PETROLEUM -taff of the petroleum engineering de- 


ton Pipe Line Co., succeeding the late part of the Agricultural and Mechani- 
George A. Hill, Jr. Formerly vice presi- BRANCH TO JOIN API cal College of Texas as distinguished 


dent of Pan American Production Co., professor of petroleum engineering. 


; N STRANG, exe > Secr 
Decker assumed his new duties on Jan- Wittiam H. STRANG, executive secre 


Kennedy received his bachelor’s degree 
1 tary of the Petroleum Branch, resigned 


uary in chemistry from Cornell University, 


‘ of the year to » wi 
4 at the turn of the year to afhliate wit! and his Ph.D. in physical chemistry 
the Production Division of the Ameri 


can Petroleum Institute, located in Dal 
las. He will assume his new duties with + 


in a few weeks H. ¢ 


J. C, Bartram, now manager of Stan- from Johns Hopkins University. 


olind Oil and Gas Co.'s exploration de- 
partment, has been named consulting 
Perersen has been made man 

Strang established the Petroleum ager of the Freeport Sulphur Co.'s new 
Branch office in Dallas in April, 1946 oil and gas division. The division will 


geologist. He has been with Stanolind 


since 1932 


+ 


‘ and has been the first executive secre have headquarters in New Orleans, with 
J. E. Swearincen has been named 


’ tary for this part of the Institute. The a branch office in Houston 
Central division manager of Stanolind Branch has expanded in membership 


Oil and Gas Co. He was formerly exec- and in the scope of its activities since + 


utive assistant to the vice president in that date. and the office staff now con Dean H. ALuts graduated in petro- 
charge of operations. sists of five persons. leum engineering from the University 

— Prior to coming to the Branch, Strang of Oklahoma last June and is now a 
E. C. Sarcent, formerly with the was with the old Oil Weekly, and with trainee in the acidizing department of 


Puenticitas Oil Co. is now with the the Continental Oil Co. He attended the the Western Co., Odessa, Texas. 


Holly Development Co. as production Colorado School of Mines, and Okla + 


superintendent for the Mid-Continent homa University, graduating from ther 


» ‘ » . . uv 
division. Sargent’s offices will be in in 1938 in petroleum engineering. He J. VAN PaasscHen, after completing 


De of a a contract with the Arabian Americ.un 


Corpus Christi. served in the Ordnance 
Oil Co. at Dhahran, Saudi Arabia, re 


joined The Texas Co. in New York as 


reservoir engineer for the company’s 


Army during the war, with final service 


Harry H. Now an is president of the as a Lieutenant Colonel. 


newly incorporated firm of Harry Now- + foreign producing department 
. Z oreig » "De rit. 
lan & Associates. Its purpose is to serv- H. H. KAvELER, assistant to the vice 


ice oil loans by making bankers’ ap- president, Phillips Petroleum Co., Bar + 
praisals tlesville, Dklahoma, has been named Tr. J. VocentHarer, formerly with 
+ chairman of the North Burbank Unit the Schlumberger Well Surveying Corp. 
Byron L. PuMLey is working as an which has been organized to water-flood as a junior engineer, is enrolled for a 
engineering trainee for the Samedan approximately 22,000 acres in the Bur two-year graduate course at Harvard 
Oil Corp. in Ardmore, Oklahoma. bank pool, Oklahoma. School of Business Administration. 


rhe engineering committee for the Naval Petroleum Reserve No. 1, usually referred to as the Elk Hills field, met in 
Dallas from November 29 to December 4 in the offices of DeGolyer & MacNaughton for engineering and operating discus- 
sions. Those attending are pictured here from L to R: Lt. Comdr. Louis Kulot, inspector of Naval petroleum reserves; 
E. E. Adams, chief production engineer of the reserve; H. P. Stolz, consultant, Los Angeles; Max C. Eastman, member 
operating committee for the reserve; W. A. Eardley, Standard Oil of Calif; V. O. Wankowski, also a member of the 
operating committee; A. F. Turman, Standard of Calif.; L. W. MacNaughton, DeGolyer & MacNaughton, Dallas; J. E. 
Lindsay, Standard Oil of Calif.; and G. E. Woodward, DeGolyer & MacNaughton, Dallas. 
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SOLOMON R. GUGGENHEIM 


Member 1923 


4 mining magnate and last of the 
famous Guggenheim brothers, died 
Nov. 3 at his home on Long Island at 
age of 88. Fourth of seven sons of a 
Philadelphia importer, Solomon was 
born when interest in the mineral re 
sources of the West was the rise 
He gained mining know-how in 
vestigation of prospective mining prop 
erty purchases for his father. Solo- 
mons first appraisal was a one-year 
stay at Leadville, watching operations 
of the A.Y. and the Minnie, as well as 
the Philadelphia smelter there. In 
1889 he went to Mexico to take charge 
of the construction of the first lead 
silver smelter: in 1891 he negotiated 
the pure hase of a copper mine to add 
to the firm's holdings. Guggenheim 
Brothers’ earnings from these, upon 
merging with AS&R in L901, includ 
ing a smelter in Pueblo and a refinery 
in Perth Amboy. totaled $4,500,000 
AS&R acquireu control of mining op 
erations all over the world. Holdings 
of the Guggenheim Brothers were car 
ried in individual Guggenheim names 
with Solomon delving into Chilean ni 
trates while acquiring large Kennecott 
Copper holdings. In January 1940 he 
held 162,000 shares in Kennecott ana 
this part of the family interests even 
through depression years had brougt 


in a return up to $565,922 in one vear. 


+ 


THOMAS ARNOLD DICKSON 
Member 1941 


President of the Colorado lren 
Works Co., died in Denver on Oct. 19, 
1949, at the age of 63. Ted Dickson 
was born in Leadville and his career, 
a brilliant one, was in the familiar 
American tradition of coming up the 
hard way without benefit of formal 
technical training. Unable to complete 


his education, he started as a smelter 





Obituaries 





chemist’s assistant 

when many young met 
their professional career 
charge of smelters in Mexi 
zona. Later he branched 
work on the Comstock | 
employment on operating 
he worked for Colorado 
as a salesman of metal! 
ment. laying the gre 

was later to be his | 

he returned to Col 

as general manager 


quired owne rship 


+> 


CHARLES WILLIAM FARIS 
Member 1949 


\ partner in Faris & W 
sulting petrole 
August 1949 
Washington, D 
ied petrole in 
State He worked 
grams interest te 
1936 joimed Shell 
ploitation engineer 
exploitation eng 
his partner open 


office in Midland 


+ 


PHOMAS KNIGHT KNOX 
Member 1946 


A former vice-pre 
public Natural Gas ¢ 
7. 1949, ending ar 
career as a geolog 
engineer. Mr. Kr 
Anniston, Al 
perience in 
two vears as 
oil producer in 
four with Gas-Pro 
as valuation an 
with P. M. Biddiseos 
tv Co.. Dallas. He 
gist of Republic 


was organized 
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Joun E. Eecxen is 
president of the new- 
ly -organized Petro- 
leum Mechanical De- 
velopment Company ¢ 
in Houston. Formerly 
vice-president in 
charge of engineering Z 
with the Oil Center 
Tool Company, Ec mY 
is a petroleum engineering graduate of 
University of Oklahoma. He has been 
ictive in the petroleum industry for 20 
years and is a member of AIME, API 
Texas Society of Professional Engineers 
Nomads, and the Texas Academy of 
Science. Secretary-treasurer of the new 
firm is Marvin R. Jones, a graduate of 
University of Oklahoma and formerly 
chief engineer for the Oil Center Tool 


{ ompany 


-- 


Joserpn E. Pocur has been elected a 
director of the Gulf Oil Corp He will 


serve in 1 consulting capacity 


e 


Maunice Lewis, Jn., has been made a 
held exploitation engineer in Shell Oil 


Cx Wichita Falls division office 


+ 


Max I. Brown is a lo 


with the Hvcalog Co. in Shreveport, La 


is. 


Joun EB. Coppincer is now employed 


engineer 


by the Halliburten Oil Well Cementing 
Ce n Snvder Texas, as a petroleum 
engineer trainee in the cement depart 


ment 
+ 


L. Crockrorp, on concluding his 
course at the Camborne School of 
Mines. obtained employment with the 


Anglo-Saxon Petroleum Co 


4, 


pe MoOuHRENSCHILDT. consult 
oleum engineer and geologist in 
Denver, has been working recently in 


Utah, Wyoming and Montana 


+ 


K. Hoiranp, Jr.. with the Mag 
Petroleum Co. has been trans 


from Wichita Falls to Houston 
x * * 
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New officers of the Dallas Petroleum Engineers Club for 1950 are, left to right, H. B. Renfro, secretary-treasurer; A. E. 
Carraway, third vice-president; G. R. Brainard, second vice-president; Henry J. 


vice-president; and T. S. 


North Texas Section Activities 
By Kenneth F. Anderson 


A near-record crowd of 125 members 


and visitors attended the December 
meeting at the Blackstone Hotel in Fort 
Worth to John C. 


chairman of the School of 


hear Calhoun, Jr.. 
Petroleum 
at the University of Okla 
AIME, dis 
cuss the practical aspects of capillary 
Don 


Engineering, 


homa, and member of the 


forces in oil recovery. Chairman 
Harlan called the meeting iogeth>r and 
Paul R ley 


gave an excellent discussion which was 


introduced Calhoun, who 


followed by a lively question-and-answer 


session. A summary of Calhoun’s ialk 


follows: 


It is generally recognized that sev- 


eral major forces are to be considered 


in oil recovery, one of which is capil- 


larity. Basie to the entire problem is 


the nature of capillary forces and the 


variables involved in computing their 


order of magnitude. The nature of the 


reservoir fluids and reck properties are 
fixed and means of changing these given 
conditions are quite limited. The effects 


these conditions have upon ultimate 


recovery, however, may be varied io 


some extent by the producing methods. 


Calhoun stated that most of the re 


search laboratories throughout the oil 


industry are devoting considerable at 


tention to experiments which will lead 


them to a better knowle lye vt capillary 


and how to combat their detri 


effects. At 


forces 


mental this time, the basic 


principles are fairly well understood, 
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but Little own about practical way 


of dealin those phenomena. Ex 


periment small flood pots) have 
been made whereby an extraneous sub 
water-oil 


vil left 


stance | ntrod “dl at the 


contact to lessen the quan 


behind mn i vater-drive operation by 


reducing rface tension of the oil 


ents have resulted in a 


water-flood 


of oil by 
ing, but the ire not practical because 


no suitable « been found that 


ile 


will not 


the porou 


It was eakers opinion 


der norn nditions, the rate wl 


fluids mave I reservolr under 


Gruy, president; Edward C, Cram, first 
jacon, retiring president. 


chanical forces is so great compared io 
capillary movement that capillary forces 


will not play a noticeable part in ihe 


displacement of oil under dynamic con 
ditions. Capillary forees can be an im 


portant factor, however, in reservoirs 


that are undergoing gas-cap expansion 


or gravity drainage. Because of the dif 


ficulties in measuring capillary force: 


under dynamic conditions, most of the 


data available concerning capillary 


phenomena are from analysis based up- 


on the static state. 


Currently, Calhoun thinks the petro 


leum engineer's greatest use for cap'l 


lary data lies in the estimation of con 


nate water content, and for this the 


theory that water first occupied that 


portion of the reservoir now occupied 


by petroleum has to be assumed, which 


s by no means an established fact. * 


M. Kingston, left, and Paul Morrison, both of the Chemi- 
cal Process Co., attended the meeting from Breckenridge. 
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Texas Sections Hold Joint Meeting at A & M 


Observing a custom that is now in 


its fourth year, the joint meeting of 
the Texas Sections of AIMF 
at Texas A & M College on December 


I exXas 


was held 


8 and 9 Sponsored by the East 
North Texa 


Texas Sections, 


Gulf Coast, Permian 


Basin and Southwest 
along with the University of Texas and 
A & M College | 


student societies, the 
been 


meeting has held every other 
year since 1946 at one of the two in 
titutions to acquaint the students with 


the AIMF 


acquaintance 


and to promote inter-section 
Attendance this year was 
247 industry representatives and stu 


Rh. L. Whiting, associate professor of 
petroleum engineering at Texas A & M, 
erved as program chairman, and was 
the guiding spirit behind an excellent 
program on a general theme of “Well 
Completion”. Four half-day ‘techni al 
sessions were held during the two days 


} 2 
along with a banquet on December 8 


The traditional student paper contest 
vas held with students from the Uni 
\ & M. and Texas Tech com 
Riley \ 


Texas Teca won the $50.00 prize pre 


versity 
peting for prize Carlton of 
sented by the Gulf Coast Section, with 
his paper entitled 4 Discussion of Some 


Important Factors ¢ ontributing to Cor 
oston } wigie 


of Drill Pipe. Roy C. 
Gould of A & M pre-ented The Advan 
Disadvantages of Dual Com 
i W ells, and William F. Nico- 


Tex is pre 


ages an 
nletions ¢ 
demus of the University of 
ented 4n Economic Analysis of the 
BR ater-Flooding 
Texas \ll 


ented a set of 


of Oil Sands in North 
three students were pre 
AIME Transa 


the Petroleum Branch 


fions by 
1. BE. Warren, president of Carl B 
Midland 


| address at the Thurs 


Drill ng Lo ol deliv- 

‘ prune ip 
lay evening banquet, at which ¢ k 
Underriner, pre ident of the Petroleum 
Engineering Club of A & M_ presided, 
and W. S. Morris of East Texas Salt 
Water Disposal Co. in Kilgore served as 
toastmaster. In speaking on the subject 
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of “Formula for Opportunity Warren 


gave a brief resumé of the progress 
made in petroleum engineering during 
the past 25 years, and 


vutlined some 
of the opportunities that exist now. He 
stated that the developments in reser 
voir control and secondary recovery 
alone illustrate the progress made in 


added 


n to the petre 


less than one generation and 


that the opportunities ope 
leum engineer are greater now than 25 
years ago, provided our freedoms are 
maintained. “The maintenance of these 
freedoms demands the active participa 
tion of the nation’s free-thinking peo 
ple,” he said, in recommending that col 
leges should put the recognition of 
freedom in their curriculum. He added 
“The established trend of placing tech 
nical men in supervisory positions will 
continue, but we must 


preserve 
essential ingredients of the opportunity 


formula.” 


Gravel-Pack Completions 
Discussed 


Keen intere t was 
» technical papers 
free discussions were held « 
it presentation, Of 
because of the paper itself 
of the nature of the mat 
tained, was a paper pre-e 
as S. West of Al Buchanar 
Oil Co., entitled A Gra 
pletion for Exclusion of 


A summary of the paper 


The gravel-pack pro« 
is primarily a selective cor 
od Although complete 
is achieved, the exclusion 
water is the primary obje 


plication of tl 


e proce lure 
not limited to uneonsolid 
Is equally appl cable to hard 


limestone reservoirs 


Ihe optimum permeab lit 
vel-pack which has beet 
sand invasion occurs 
has a diameter about 


the sand grains at the 10 | 
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(Pictures at Right) 


1—A group of the speakers and 
presiding officers for the technical 
sessions, back row L to R: A. G. Guey- 
mard, City National Bank, Houston; 
B. R. Weaver, Tide Water; R. E. Bush. 
Lane Wells; Bruce Barkis, B. & W.; 
A. B. Stevens, P. E. Dept., Texas 
A & M; and Robert Todd, Core Lab- 
oratories. Front Row: George Howard, 
Stanolind; G. H. Fancher, P. E. Dept. 
University of Texas; and Edward F. 
Kelly, Dowell. 

2— Other speakers and presiding 
officers are, L to R: E. H. Lancaster, 
Magnet Cove Barium Co.; H. T. Ken- 
nedy, P. E. Dept., Texes A & M; 
Thomas S. West, A. Buchanan and 
Blanco Oil Co.; Harold Vance, P. E. 
Dept., Texas A & M; and Warren 
Jackson, Lane Wells. 

3—A portion of those attending 
one technical session. 


1 — Howard W. Barlow, dean of the 
School of Engineering of Texas A & M, 
extending his welcome to the meeting. 

5 — J. E. Warren, president of Carl 
B. King Drilling Co., speaking on the 
“Formula for Opportunity” at the ban- 
quet on Thursday evening. 

6 W. S. Morris, Ezst Texas Salt 
Water Disposal Co., serving a; 
master for the banquet. 


toast- 


7— The three stucents who pre- 
sented papers in the contest, shown 
discussing one of the papers. L to R: 
William F. Nicodemus, University of 
Texas; Riley V. Carlton, Texas Tech; 
and Roy C. Gould, Texas A & M. 


8 and 9—C. F. Underriner, Jr., 
president of the P. E. Club of A & M, 
presiding at the banquet, and the em- 
blem of the club. 


10—A group of A & M students 
attending the meeting. L to I}: Walt 
Zimmerman, Jerome C. Kearby, Tom 
Calhoun, Fred Hambright and Alva 
G. Walsh. 


11 Ek. H. Lancaster, Magnet Cove 
Barium, and R. L. Whiting, P. E. 
Dept., Texas A & M, were co-authors 
of “Drilling Mud and Its Relation to 
Well Completions”, presented at the 
meeting by Lancaster. 


12 Harry H. Power, P. E. Dept. 
at University of Texas, presiding at 
one of the technical sessions. 


13— A group of A & M students 
taking the opportunity to relax during 
the meeting are L to R: Joe H. Kemp, 
Maxie W. Freeman, John M. Casey, 
J. H. Berry, Jr., and W. J. Alexander. 
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on the sieve analysis curve. Tests con 


ducted by the author's company indi 
cate that this is also the largest gravel 
size for which no sand production o« 
curs. The point of no sand production 
would obviously also be the point of no 
sand invasion into the gravel pack. For 
gravel-sand size ratio larger than six 
reduction of 
ults For 


little 


sand invasion occurs and 


gravel-pack permeability re 
gravel-sand size ratio less than six 
or no sand invasion into the gravel o 

curs, permeability decreasing primarily 
because the smaller gravel has a lower 


permeability 


The method described by the paper 
consists of placing layers of gravel and 
the 


sand and gravel mixtures, having 


same order of permeability as the pro 


ducing sand, through the producing 


formation. Screening is achieved 
through the composition and placement 


of these layers. 


In placing the gravel a 2-in 
The 
hacksaw-cut 


pipe 
size liner is employed lower end 
Milled or 
1/32 in. in width are usually employed 
The end of losed 


with a cap held in 


1s closed slots 


upper the liner is 


conical which is 
place by a shear pin. This cap is formed 
to fit a 


hot 


wire line core barrel type over 
this overshot being used for low 
to the 
The liner 


lightly 


ering the liner bottom and for 


retrieving the cap cop is also 
ittached to a mandrel of small 


than the inside diameter 


near the bottom of the liner for strength 


er diameter 


of the liner mandrel extends vo 


ening the liner against bending and for 


10,000 100 


RATIO CU. FT./BBL 
wa 
° 


GAS-OIL 
BBLS. O'L PER DAY 


°o 


ee 


SECTION 1 


facilitating the recover 
should it be accidentally 
the liner 

Gravel is dumped 
in relatively smal! bate! 
a bailer which has 
closed by a frangible 


steel rimmed cement 


also been en pioy 


When the dis 
top it is broken 


has 
pose 
settle to bottom 
up or jerk on the 


bailer leaves bettor 


measurement of hil 


Fig. 1 The gravel pack used for 


exclusion of gas and water 

‘ 
N 

< 

‘ 
. 

‘ 

| 
' 


VA 


Results of an alternate 
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n this way usually to within about 


two inches. When sufficient gravel has 
been deposited to fill to at least four or 
mixture 


five ft above the liner slots, a 


of quick-set cement and sand is dumped 


employing the same bailer. The quan- 
tity of cement employed is such that the 
five ft of the 
When 


this cap is retrieved by 


ip and top four or 


liner remains exposed. the ce- 


ment has set 


catching along with a wire line over 
shot and bringing it and attached man 


drel to the surface. 


Fig. 1 illustrates the gravel pack used 
for the exclusion of gas and water. Al- 
ternate layers of gravel and a mixture 
of sand and gravel each usually about 


1-ft 


liner opposite the sand section and usu 


thick are dumped around the 


illy to at least 5-ft above the highest 
A quick-set cement and sand 


f the 


liner slot 
mixture is then dumped on top 
gravel and in sufficient quantity io ex 
about 5-ft of the 


rhe 


1 grain size about six time 


tend to within top 


lavers have 


that of the 


of the liner gravel 
sand grain at the 10 per cent point on 
curve. This 


16 in., 


the sieve analysis grain 


size is usually about | and might 


be described as being a coarse gravel 
Che mixed layers are composed of grav 
el of 


to fill its 


this size mixed with enough sand 


pore spaces. To prevent the 


gravel and sand from separating when 


dumped, it is necessary to use a binder 


which will prevent the separation and 


which will also flow out with about 50 


lb pressure differential leaving a 


per 


neable layer in which the sand and 


BBLS. OiL PER DAY 


ANNULUS 


TO 


GRAVEL-SAND AND 
GRAVEL LAYERS 


layer gravel-pack completion 
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gravel are thoroughly mixed. The gravel 
content of these layers prevents the 
mixture from flowing through liner slots 
of the size suitable for the clean gravel 
using sand of about the 
grain size of the oil sand, or slightly 


layers. By 


larger, a mixture results through which 
drilling mud will not flow because of 
the formation of an impermeable filter 
cake. Thus by running a cup type pack- 
er on the tubing to a desired level in 
the slotted portion of the liner and fill- 
ing the annular space between the cas- 
ing and tubing with drilling mud hav- 
ing a hydrostatic head exceeding static 
bottom-hole pressure, a positive shut- 
off of the sand section above the packer 
results while fluid production is secured 
from below this level. This shut-off oc- 
curs because the mud invades the clean 
gravel layers forming a filter cake on 
the face of the sand and at the interface 
of the clean and mixed layers. Since the 
hydrostatic head of the mud exceeds 
the formation pressure, gas for example, 
cannot flow through or into the mud- 
invaded sections while the mixed layers 
prevent the mud from flowing down- 
ward through the gravel pack past the 
packer and into the tubing. A comple- 
tion is thus provided which not only 
results in a positive shut-off but which 
also provides for changing the produc- 
ing level by the simple procedure of 
raising or lowering the tubing. The op- 
timum producing level may be found 
after completion, making accurate in- 
formation unnecessary as to the loca- 
tion of the gas-oil contact or a pre- 
liminary guess as to what extent con- 
ing may occur or dependence on the 
gas-oil contact remaining at the same 
level. Precise depth measurements are 


lso not necessary. 


If water production develops, thi- 
may also be excluded by use of a 
louble packer assembly having a mud 
by-pass from above the upper to below 
the lower packer. The clean gravel lay- 
ers both above and below the producing 
level are in this case invaded with mud 
inder pressure exceeding the bottom 
hole pressure while oil production is 
secured from the space between the 
two packers. Both gas and water may 
he simultaneously excluded in this way 
\ny desired section of the sand may be 
-elected for production. 

This method provides for obtaining a 
shut-off in the hole space only, and does 
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not provide for prevention of downward 


coning of gas or upward coning of 
water through the sand section in the 
immediate vicinity of the hole. How 
ever, the alternate layer type comple 
tion also makes possible the correctiot 
of this condition. If, for example, high 
gas-oil ratio develops because of verti 
cal coning, the mud in the annular 
space between casing and tubing may 
be replaced with oil. By first raising 
the packer to back-flow, the mud in 
vaded layer filtered oil may be injected 
into the gas sand above the level of 
the pac ker. By continuous injection of 
oil into this section, oil saturation is 
maintained in the zone in which gas 
coning previously occurred. This re 
sults in some oil flow along the coning 
path from above the packer into ihe 
tubing and, as the packer is raised, it 
is necessary to supply increasing quan 
tities of oil to the space above the pack 
er, resulting in a greater amount of vil 
circulation. However, so long as any 
oil column exists in the sand, it should 
be possible to produce with low gas-oil 


ratio. 


Fig. 2 shows the results of an alter 
nate layer type completion to a well ir 
the Quien Sabe field in Webb County 
Texas. Production is from the Lopez 
sand of the Mirando series at about 
1430 ft subsea. About 15 ft of gas sat 
uration is present in the upper portion 
of the sand 
9-{t of oil 


saturation in the lower 


Fig. 3 


JOURNAL OF PETROLEUM TECHNOLOGY 


section with about 6- to 


part. Casing was set approximately at 
the gas-oil contact, and the lower por- 
tion of the sand section was packed with 
alternate within about 3- 
ft of the bottom of the casing. A non 
permeable mixture of gravel, sand, silt, 


layers to 


aquagel and grease was placed in this 
space. The liner was then cemented in 
the usual manner, and a 24-hour test 
vielded 48 bbls of oil flowing through 

; in. choke with gas-oil ratio of 4700 
cu ft per bbl. A special packer was 
then installed, and the results of tests 
with ‘he packer set at various levels are 
shown in the figure. 


Since it was believed that the entire 
sand section had not been penetrated, 
the gravel pack was removed and the 
well drilled 5-ft deeper with a spud 
der. The bottom 5-ft of 
was then perforated to provide a greater 


the casing 


zone for oil injection into the gas sec 
tion. This section was again gravel- 
packed 
thick, and the liner cemented. Tests 


with alternate layers 1-ft 
were again run with the packer at 
various levels with the following re- 
sults: 12 ft below casing, no produc 
tion; 9 ft below, 14 B/D pumping. 
GOR 250; 7 ft below, 31 B/D pump 
ing, GOR 250; 4 ft below, 38 B/D 
flowing, GOR 4,200; above perforated 
iner, large gas volume with spray of 
oil. After washing, the packer was set 
permanently at 4 ft below casing, and 
with mud in the annulus, the well was 


Continued on Page 35 


-~ Surface equipment used on oil circulation type completion. 
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Oklahoma City Section Activities 
By Harold Sells 


December Meeting 
The December meeting, held at the 
Biltmore Hotel, featured a lecture by 


William D. Halliburton Oil 


Well Cementing Co., and the election 


Owsley, 


of Local Section officers for the coming 


years. Officers elected are as follows: 


Chairman, Henry Waszkowski, Mag- 
nolia; lst Vice Chairman, Martin Hegg- 
lund, Stanolind; 2nd Vice Chairman, 
Kenneth Fink, Shell; 


urer, H. R. Sells, Sohio. 


Secretary-Treas 


Chas. E. Clason, Hallibur- 
ton; C. L. Kirkman, Lane-Wells; Lin 


coln Elkins, Sohio (chairman for 1949) 


Directors 


Owsley ably presented the latest im- 
provements in the techniques, materials 
and equipment used in cementing oper- 
ations, This talk is a typical example of 
the direct information which the AIME 
Local Section desires to present to its 
keeping 


audience. In the last analysis, 


} members abreast of the latest improve 


ments in developmental and production 


| engineering techniques and operations 


is one of the primary reasons for the 
existence of the Petroleum Branch. Cor 


respondingly, the greatest benefit which 


a member receives by regularly attend 


Ping monthly 


meetings is receiving in- 


Hformation concerning new procedures, 


Simprovements made in old techniques 


A group discussing cementing practices with William 
left, at the December meeting were L 
Jack Tarner, Phillips; Otis Danielson, Kerr-McGee; and 


D. Owsley, 


Ralph W. Workentin, Lane-Wells. 
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and the informal reports of actual field 


results from members who have applied 


these advanced tex hniques 


January Meeting 


The program for the January month 
ly meeting will be a paper by M. P 
Well Log 


ging Corporation in which he will dis 


lixier of the Schlumberger 
g 


cuss the estimation of permeability of 
the formations using the resistivity 


curves from the electric log. This meet 


Henry Waszkowski, Oklahoma Div. 
engineer for Magnolia, is 1950 chair- 
man of the Section. He was vice 
chairman during the past year 





to R R: Ed. M 
nolia; Roy F 
burton 
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ing will be held at the Biltmore Hotel 
at 7:30 p.m. on January 19, 1950. 


Banquet Honoring Director of 
U. S. Bureay of Mines 


A special feature of the Section a 
tivities during December was a banquet 
honoring James Boyd, director of the 
Bureau of Mines, 
of other officials with the Bureau, De- 
cember 8, at the Biltmore Hotel. The 
Colorado School of Mines Oklahoma 
City Alumni held a reception for Boyd 


U. S. and a number 


and associates preceding the banquet 


Guests from the Bureau of Mines, in 


addition to Boyd, were H. C. Fowler, 
supervisor of the Bartlesville Station; 
Harold Smith, superintendent of Chem 
ical and Refining Section, Bartlesville 
Clifford W Sibel, 
Southwestern regional director; Harold 
W. Thorne, Bureau of Mines, 
Wyoming; and Ken Eilerts, 
Mines, Bartlesville Station. 


Boyd was guest speaker for the eve 


ition; ureau 
Stat Bur 

Laramie. 
Bureau of 


ning. His remarks were centered around 
facts which emphasized the high rate of 
consumption of basic resources in the 


United States. A striking graph illus 
trated the United States, with 7 per cent 
of the population of the world, pro 
consumed a 


of the world. During 1948 


luced and najor portion of 
the mineral 
produc tior 


the United States mineral 


eached a value of $12,000.000.000 

Another striking table showed that 
the United States has gradually changed 
from a net exporting nation to a net 


importing nation on three of the basic 


An informal group at the December meeting were L to 
Saye, Il, Lane-Wells; Gerald S. Young, Mag- 
Beery, Danciger; and Charles Clason, Halli- 
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metals —- copper, lead and zine. Touch 
ing upon the reserves of basic metals in 
the United States, Dr. Boyd mentioned 
the fact that methods of reserve esti 
mations and comparisons are admitted] 
incorrect but that no one has devised 
a procedure which would saisfactorily 
replace the present method. This meth 
od is the same as that which has been 
used in the petroleum industry form any 
years and consists of comparing the 
present known reserves upon the basis 
of the present yearly consumption. | 

ing this basis, it is apparent that the 
United States is on the read to deple 
tion in many of our basic metals. For 
example, exiiaustion of our lead _re- 
sources would occur in 1959 


in 1968 


copper 


and zine in 1969, 


Chromite resources are zero since we 
have always been an importer of t! 
metal. However, on the other hand we 
have tremendous resources of coal, iron 
ore and phosphate; as an example, it 
is estimated that we have sufficient coal 
to last this country for 3,000 years. 
Boyd mentioned the fact that more efh- 
cient methods must be used in the pro- 
duction of all basic minerals. We leave 
in the ground approximately 50 per 
cent of petroleum, in the neighborhood 
of 30 per cent of natural gas, and for 
less obvious reasons, approximately 30 
per cent of the coal mined is left under- 
ground. A smaller percentage remains 
underground for other metals but the 
remainder unclaimed is still appre- 
ciable. Comparing our fuel reserves up- 
on the basis of energy content, Boyd 
stated that 95.5 per cent of our fuel 
reserves were in coal, .4 per cent in 
petroleum, .4 per cent in natural gas 
and 3.6 per cent in oil shale. However, 
we are consuming the above resource 
at the rate of 54 per cent coal, 32 per 
cent oil and 14 per cent natural gas. It 
is apparent that at some future date 
the United States will have to reorient 
its greatest consumption to correspond 
reserves of the 


with the actual fuel 


countrys 


Although considerable discussion has 
circulated relative to the exhaustion of 
our iron ore resources, there is no ques- 
tion concerning the exhaustion within 
the immediate future. It is true that 
only a small quantity of high grade ore 
is at present available and that this will 
However, tremen 


soon be exhausted. 


dous quantities of “so called” low grade 
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ore are available tor con 
is approximately 35 pet 
ever, it is well to note t 
used 28 per cent ore 


Millions of dollars have been 
industry t 


levelop more efh 
ods for processing this low 
Entering t! picture 1 

evelopment of other 


which may be a substitute 


bility of the 
other met which are 

today. Fy cample 

is lighter har teel 

than alu 

resistant 

strengt 

carbon 

for petrol 

augurate ‘ - 
gram tor pilot F s ft ie production 


ot synthe 


Boyd « 
government 
synthetic to compete wit 
natural i petroleum. The impe 
iven to deve lopt ent of 
synthetic fue was provided by World 
War il ’ who were given the 
task of « f 


amount of petro 
leum whi 


available for the 
Unite 1 
to provide all of the 


war effort, it ippeared that the 
States wa ble 
petrol I necessary However t ap 
pears that sometime in the not 
tant future the United State 


come rmanent importer ol petro 


leum ilculated amount 
could ound in the future by ad 
vanced prospecting methods eventually 
levels « 1 equals the estimated fu 

consumption, and then 

an the estimated annual 

rate of consumption. It 
appears t e amount of petroleum 
discovet ll decline and that even 
tually the nount of petroleum pro 
duced will not be sufficient. Estimates 
of the date 
will be reached vary considerably, and 


at this tir 


at which this turning point 


ippears to be omewhere 
between I‘ and 1970 

tion is one of defense. We 

lop synthetic fuels and shale 

l economic de 

industry because 

of : er act To wait for the 


normal ¢ o velopment could be 


fatal to the country. At the present time 


} 


tremendou trides have been made in 


ind refining of oil shale 
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However, it is not in economic com- 
petition with crude petroleum. It is to 
be emphasized that it is not the inten- 
tion of the administration to go beyond 
the experimental stage in the develop- 
ment of the oil shale industry. 


Following Bovd’s talk the meeting 
was opened to questions and general 
discussion. An interesting question con- 
cerned the re-use of metals. Dr. Boyd 
stated that, for example, copper is used 
again and again; zinc is re-used con- 
siderably but is more destructible than 
copper; that iead is re-used extensively, 
with the exception of lead used in tetra 
ethyl and other compounds. The used 
metal market in aluminum is aiso be 
coming more extensive. During the last 
war Germany developed extensive meth 
ods for the conservation and re-use ot 
her stock-piled metals. Copper, for ex 
imple, was used many more times than 


it was in this country. 


H. C. Fowler was introduced by Boyd 
and presented a few comments concern 
ing the Bureau’s Bartlesville Station. 
This station was established in 1918 
and it is financed 10 per cent by the 
State and 90 per cent by the United 
States. Overall budget is in the neigh 
borhood of $600,000 per 
projects in progress at the present time 


year. Some 


are those of phase relationship, second 


ary recovery research, and the examina 


tion of sulphur in petroleum. A research 


program instituted recently at the Sta 
tion is a study of the use of radio-iso 
topes as a tracer in water-flood opera 


tions, 


Harold Smith commented upon re- 
search being done by the Chemical and 
Refining Section at the Bartlesville Sta 
tion. One of the projects consists of a 
tudy of the sulphur compounds in 
crude petroleum and the tabulation of 
the physical properties of these com 
pounds for the purpose of future analy- 
sis and separation in various crudes, A 
study is being conducted of the com 
position of diesel fuels. This study is 
in approximately the same position as 
the similar study of gasoline was 25 
years ago. Analyses are being conducted 
using infra-red and ultra-violet method 
and also by the actual separation of 
the hydrocarbons. Properties of these 
compounds are secured and correlated 
with the burning qualities of diesel oil. 

x et 
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Gulf Coast Section Activities 


By J. E. Kastrop 


secretary-treasurer was A Gue E. A. Rassinier, chairman of the pro- 
mard. The City National Bank, Hous gressive membership committee, re 
ton. J. F. Kastrop World Oil, Houston ported that the Gulf Coast Section was 
was elected as Section Delegat for second in the number of new members 
two-vear term ollev were gained during the year, thanks to his 
elected to the ard of directors to committee, composed of the following 
serve for varving terms I he Herman Otto, Tennessee Gas Transmis- 
ton; Fred Nelson rul il sion Co.; Harry Arendt, Humble Oil & 
phur Co.; L. \ hri mble Ref. Co.; C. W. Trice, Stanolind Oil & 
Ref. Co I Rassi t llips Gas Co.; and R. P. Ridley, The Texas 
Petroleum Co ne \ ler ae Ca 


Water Associated 


Chairman of the important house 

An overflowing ndance of 10] committee, K. B. Ford of J. R. Butler 
members and gue Co.. expressed his appreciation for the 
William C. Goins, Jr., Gulf Oil Corp., the Section’s final meeting excellent arrangements for each meet 
Houston, addresses the December 13, LBA ob the Heuston YMé ectic ing to members of his committee which 
1949, meeting on the subject, “A Study consisted of: Leo McConrell. Lane 
of Limed Mud Systems”. of officers and committee rman 1 Wells Co.: Robert L. Hoss. Humble Oil 

E. L. Petre, Gulf Oil Corp., Hous porte Miguvignies the Susiness sessiat & Ref. Co.: D. C. Stallworth, Aber 
ton, was unanimously elected Deceim Thornton, presiding over — crombie Co.; and Marion Olive, J. R 
The session, called upon outgoir Butler Co. Leon W. Huebel, Baroid 


Texas Co., Houston, as the new chair tee chairmen for t , ' Sales Division, served as chairman of 


ber 13 to sueceed Owen Thornton 


: a : 
man of the Gulf Coast Section. G. D Petre, as 1949 chairm the activities committee, and J. E. Kas 
Robertson. Shell Oil Co.. was elected gram committee, prais r opera trop was head of the publicity commit 
vice chairman. George Fancher was tion of his committee tee. George R. Gray, Baroid Sales Di 


elected as the vice chairman from the Tom Borland, Stanolir vision, and L. V. Uhrig represented the 


University of Texas, and A. B. Stevens R. W. Holman, The Te Gulf Coast Section of AIME on the 


as vice chairman from Texas A & M Lancaster, Magnet ve Bariur Houston Engineers Council 

College. Elected to a second term as and J. R. Welsh, Humbl . o Upon relinquishing the chairmanship 
of the Section, Owen Thornton was 
given a vote of appre lation tor a job 
well done during 1949. In accepting the 
new post as the 1950 chairman, Petre 
expre ssed his hope to continue the good 


work 


Limed Mud Systems 
Principal speaker of the evening wa- 
William C. Goins, Jr.. Gulf Oil Corp., 
Houston. who discussed “A Study of 
Limed Mud Systems”. Limed muds, 
popular in the Gulf Coast, have several 
idvantages over fresh water mud, name 
ly mmunity to cement contamination 
i greater toleration for dispersed shale 
riving high viscosity, less gela 
from salt water intrusion, and the 
to successfully drill heaving 
zones that would be difficult to 
ill with normal tre sh water muds 


New officers of the Gulf Coast Section, include, from left to right, in foreground, The speaker discussed some of the 
E. L. Petre, chairman; A. B. Stevens, vice-chairman from A & M College. In 
the back row, left to right, are: E. B. Miller, director; E. R. Rassinier, director; 
A. G. Gueymard, secretary-treasurer: and J. E. Kastrop, Section delegate. Not of limed muds to explain some of the 
shown are: G. D. Robertson, vice-chairman; George Fancher, vice-chairman for eintniindin uutiauee tiinbitnan ol whe 
The University of Texas; Fred Nelson, director; Owen Thornton, director; and 


L. V. Uhrig, director Continucd on Page 35 


phvsical and chemical characteristics 
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Pacifie Petroleum Chapter Activities 
By Frank S. Parker 


The Petroleum Technology Forum 
met November 28 to hear Carl Tut- 
schulte, engineer of the Tide Water As- 
sociated Oil Co., Los Nietos, California, 
discuss engineering features of the Por- 
ter Pool of the Aliso Canyon oil field. 
Tutschulte is a graduate of California 
Intsitute of Technology and had worked 
at various engineering operations for 
Shell Oil Co. for a number of years 
before joining Tide Water Associated. 
The paper gave the results of a long 
and intensive engineering study of pro- 
duction problems which can be _ re- 
viewed only briefly in these few para- 
graphs. 


The Aliso Canyon oil field is located 


in the Santa Susana mountains ap- 
proximately six miles west of the city 
of San Fernando. The field is situated 
at a considerable distance from existing 
highways in extremely rugged terrain 
and as a result a large amount of ex- 
cavation has been required to construct 


the necessary roads and rig sites. 


The discovery well of the field and 
of the Porter Pool was completed on 
October 25, 1938, flowing at a rate of 
1200 B/D through a 40/64 bean at a 
depth of 5365 ft. The development of 
the pool continued at a relatively slow 
pace, two wells being completed in 


1939; seven wells in 1940: five wells 


Ralph Trueblood, left, and Pohn Nichols preparing slides 
and program data for speaker at the meeting. 
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in 1941; tw wells in 1942; one well 
in 1943. A |} 


over five years was followed by two 


atus in drilling activity of 


wells in 1948 and one well in 1949. The 
Porter reservoir is a southerly dipping 
homocline which is bounded on the 
south and southeast by an active water 
front, on the west by a stratigraphix 


barrier formed by the progressive lat 


eral transition from sand to siltstone 
and on the north and northeast by the 
which forms an 


Santa Susana fault, 


impermeable barrier against which the 
oil in the Porter Zone has accumulated 
The Porter Zone is encountered at a 
depth of from 4700 to 5400 ft below 
the surface nd is comprised of sedi 
ments of shallow marine origin of the 
Pliocene ige The thickness of the zone 
ranges from 60 to 800 ft with the aver 
age being approximately 450 ft and the 
producible sand 


average thickness of 


being approximately 180 ft. The aver- 


age porosity and permeability within 


the reservoir based on 347 samples from 
7 wells is 24.8 per cent and 1200 md 
respectively and the interstitial water 
is 26 per cent based on capillary pres 
sure data 


The hydrocarbons originally con 


tained in the Porter reservoir appear 
to have been undersaturated and the 
existence 


doubtful 


ol a primary gas cap is very 


The values of oil gravity 


ing to begin. 
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Carl Tutschulte of Tide Water spoke 
on the Aliso Canyon field Nov. 28. 


API; solution gas oil ratio 240 CF/B; 
and the saturation pressure 1625 psi; 
measured in this pool are much lower 
than is normally found in California oil 


pools of comparable depth. 


The performance history indicates 
that the production performance of the 
pool has passed through at least three 
tages, ie, (1) an initial period when 
the recovery mechanism was almost en- 
tirely dissolved gas expansion, (2) an 
intermediate period during which the 
oil producing energy was the result of 
both dissolved gas drive and water 
drive, and (3) a third peried when the 
been the principal 


water drive has 


Continued on Page 42 


R. H. Smith, left, and C. H. Dodson waiting for the meet- 


es ee 
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Junior Section Activities 
Pacific Petroleum Chapter 


By |. A. Marshall, Jr. 


Fifty engineer ittended the Decem 
ber 8 meeting at the Riv 
Club in 
meeting 
( lr. McClure who ann 


nthly meet 


» Hondo Coun 
The 


Chairman 


try Downey, California. 


was opened by 


inced that the 


ould be 
} 


mn-member rting with 


price of the n 


raed for n 


meeting. He explained that 


in order 


the Januar 


this was being done to induce 
non-member who attend the 


to join the AIME and also to 


the Se 


meeting 
increase 
be 


as pos 


tion revenue *o that it may 


come as financiall Le pre ent 
sible. He 
utive committee 
B. Clarl 


then announced that the exe 

had Nor- 
1LYS0 The 
floor 
ere forth 


nominated 


man for airman 
nom 
and as no « 


unant 


ted chairman and took over 


speaker 


introduc 


venting J J 


Jakosk 


an independent geophysical 


Anweles 


cal methods by 


consultant in the Lo area, be 


gan his talk in geophysi 


giving a brief outline of the history of 


moet commonl emplo f | geo 
The mag 
oldest, having been 


o 2000 B.C 


the three 


physical methods netic method 


by far the used 


in crude form as lon 


In its early form it consisted of a meg 


netized needle similar to a compass and 
sed 
The 


instrument, called a 


in Sweden to locate ron de 


modern geophysi- 
netometer, 
was tirst deve loped about SO ve 

ind in its present torm | 


of about one part in 25 


the 
Anthony 


From left to right, some of 


Co.; John Woodman, Jr., St 
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Section 


years the magneton 


stalled 


slightly 


in airplane 

different from t 
strument, still employs t 
ciples. 
accuracy 


=0.000, 


ol approx 
Althougl it 


ive of the magnetic 


used for general sul 
of 


san irge reas 


ravity met 


wa fn 


pende 1 fror 
mouern instru 


tometer, was hrs 


ent torm 


about 


pre 
one-ten 

gravitational fe 
discovered by this 


mous Spindletop held 
The 
re 


sersmin 


third geopl 
or 

was first ¢ 
was being 
ing sand 

ind Gulf 

and geolo, 
elle 
the 


tivene 

more ob 
tures were 
is still used 
proximatel 

coveries have 
} 


method u 


thei: 
Ir 


and 
G. Paul, 


members gue 


Oi; Coe.: W 
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The flying magneton 


rie 


t} 
¢ 


! 


obe 


ire 


D 


{ 
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Nellis, Shell Oil Co.; E. 


Hamb 


gramatically how various geophysical 


methods are used. He stated that geo 


pliysical exploration can only be ex 


pected to give about 21 per cent results 

when employed for the location of oil 

be 

at several conditions must exist 
oil 

All of the geophysical methods 

and that is the 


reservoirs. It should, however under 


vd th 
efore a commercial reservoir can 
te only one thing 


exit e ol possible trap whereas to 


o necessary 


sufhcient 


an oil reservoir it is al 


ive 
be source beds, 


rock, 


rden or cap rock, and sufficient 


it there 


porous reservoir an impervious 


ervoir pe rmeability. 


\< to the relative cost of the different 


methods, the 


the 


magnet 
least 
500 


lar expensive 
$750 per 


whereas the gravitational met! 


» about §$ to 


xl will average about $3.000 to $5,000 


er month and the seismic method con 


ably 
ich the shot holes must be drilled 


more depend ng on the depth 
to Ww 
thee 


amount of explosives that must be 


employed, and the type of terrain 


In using the magnetic method it 
that the 
his 


and latitude 


t ential operator accurate ly 


aetermine position wit respect to 


longitude order to cor 


rect the instrument for the earth’s mag 


field. For instance, in the southern 


the 


net 


hemisphere earth's magnetic lines 


of therly direction 


dip 
offsetting 


lorce in a sou 


thus the magnetic survey in 


i northerly directi« from the beds 


“ ch are be ng re de In the nor 


of course, the oppo 


sm a bed or geolog 


thern hemispliere, 


site would be true degree of 


igneti eal structure 
exhibit is dependent on the amount 

magnetic materials which it contain 

material 


ple of the 


t mest 


common m relic 


M ignetite Phe 


basic 


D. Smith, Shell Oil 


R. Dwyer, R. L. Alder, and D. D. Loos 
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magnetometer is, of course, the meas- 
urement of changes in the degree of 
magnetism of an area under observa- 
tion. In the case of sedimentary beds 
having a rather high content of mag- 
netic materials, and having been up- 
lifted by a salt dome, the magnetometer 
would record a reduced magnetic influ- 
ence at the top of the structure where 
the sedimentary beds were the thinnest. 
If, however, the intrusive body had a 
higher magnetic conteat than the over- 
burden the magnetometer would record 
an increasing degree of magnetism as 
the crest of the structure were ap- 
proached since the intruded body is 
closer to the surface at its crest. It is 
possible, however, to have the same in- 
dicated trends on the magnetometer 
when passing over a syncline or an anti- 
cline. The interpretation of whether 
the structure is favorable for the accu- 
mulation of oil must be supplemented 
with some geological information of the 
area under observation. 

One of the most important fields dis- 
covered by the magnetic method was 
the Hobbs field in New Mexico where 
the discovery well was drilled at what 
appeared to be the crest of the struc- 
ture as determined by a magnetic sur 
vey. Even though the well was a pro- 
ducer and proved the existence of an 
oil field, it was later determined to be 
an edge well and illustrates how a 
magnetic survey may be offset from the 
structure it is attempting to delineate. 

The high altitude magnetometer now 
used for mapping large areas is sup- 
plemented for more detailed work by 
a magnetometer mounted in a helicop- 
ter. The helicopter can hover a few 
feet off of the ground making detailed 
readings regardless of the inaccessibil- 
ity of the terrain. It is thus common 
practice to map an area with a high al- 
titude instrument and then make a de- 
tailed survey of the more likely area- 
with the low altitude instrument. 


The gravimetric method operates on 
the principle of measuring changes in 
the earth’s gravitational force resulting 
from changes in the density of subsur- 
face structures. Minerals are usually 
the most dense with igneous, sediment- 
ary, and fill materials grading down- 
ward in density. Thus, if the gravitom- 
eter is operated over a syncline having 
igneous or mineralized beds the read 
ings (recorded in milligals) will de 
crease since at the center of the syn 
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The speaker at the Section meeting 
on December 8 was J. J. Jakosky, In- 
ternational Geophysics, Inc., Los An- 
geles, California. 


cline the 
ther fron 
would he 
cline unl he 
a low den 
dome. As 


ric method endeavors to lo« g 


general rule 
lows. The ravitometer is common|l 
transported truck having an ope 
ing in its bed so that the instrument 
tripod cal i lowe red to 
and, while the bed of the 
a windbreak, readings « 
from within the truck. Portable 
tometers rried on a man’s back 
also used although they are mu 
er and ot as accurate. For n 
gravimetric readings under wa 
buoy or diving bell is employed 
houses the gravitometer and an 
ator and is lowered to the bottom wi 
the readin ire made. This method ha 
been used by the Union Oil Compan 
in its Gulf Coast exploration. In ord 
to eliminate the necessity of having an 
operator the bell, a remote control 
apparatu been developed whicl 
can be | red bottom and ad 
justed fr 
being a 

Sel olo vhich is t most «« 
monl pl ‘ tool, operate 
on the prir iting a sl 
wave e ra or below the surface 
of the tr ing studied and ther 
recording the reflected and refracted 
waves at various points on the surface 


If the shock wave were induced 
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homogeneous material having a con- 
stant density there would be no reflec 
tions: however, the density of almost 
all lithologic sections varies consider- 
ably and the reflection is obtained at the 
point of change of density. There are 
basically three types of waves induced 
by the shock wave: (1) the surface 
wave or horizontal vibration emanating 
from the source of the shock; (2) the 
reflection wave which returns to the 
surface after encountering a change in 
density; and (3) the refraction wave 
which travels from the shock source to 

point of density change, follows the 
contour of the material to another point, 
then is reflected to the surface again. 
lhe seismic method is particularly ap- 
plicable to continuous beds such as are 
found in certain parts of Texas and 
Oklahoma. It is extremely difficult to 
interpret highly faulted or displaced 
beds since the shock waves tend to cross 
faulted areas unless there is some ma- 
jor interference. Seismology has been 
particularly effective in locating salt 
domes and for this application it is 


common practice to use a fan” pattern 
of spacing the geophones. The average 
salt plug will have a wave transmission 
velocity of approximately 16,000 to 
18.000 feet per second. In exploring an 
area in which there have been no wells 
lrilled, the seismologist must assume 
in average wave velocity. However, if 
there is an existing well in the area, 
he can obtain accurate velocities by 
lowe ring a geophone or seismic record- 
er into the well and making velocity 
checks while inducing shock waves at 
the surface with explosives. The most 
common practice for inducing a shock 
wave is to drill a slim hole and deto- 
nate an explosive near the bottom of 
the hole. The purpose of this is to place 
the explosive below the “aerated” zones 
which are poor conductors of energy. 
In California it is common practice to 
drill shot holes to depths of 50 ft to 
200 ft, 500 ft being the average in the 


Cuyama Valley. 


4 new method of inducing shock 
waves which has met with some success 
is the air method in which the explo 
sives are detonated about six feet above 
the surface of the ground. The prin 


ciple is to induce a shock which has a 


low unit stress and thus very little 
crushing action on the aerated bed« 
The effect might be compared to the 


Continued on Page 35 
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East Texas Section Activities 
By P. E. Des Jardins 


1950 were elected at the 
By a 


unanimous vote of those attending, the 


Ofheers for 


December 13 meeting in Kilgore 


slate of officers recommended by the 


nominating committee were elected. 


They are as follows: Phil J. Lehnhard 
Fast 
Section chairman; W. W 


tinental Supply Co. in Shreveport, vice 


Texas Engineering Committee, 


Leonard, Con- 
chairman, and P. G. Burnett, Stanolind 
OU and Gas Co. in Kilgore 
treasurer. Directors elected were: R. K. 
Iyvler; W. S. 
Morris, East Texas Salt Water Disposal 
Co. in Kilgore; B. F 
The Texas Co. in Shreveport, and P. E. 
Des Jardin, Shell Oil Co. in Kilgore. 


secretary 
Thies, Schlumberger in 


Patterson, Jr., 


Present directors with one-year term 
John Bell, Humble Oil 
& Ref. Co. in Tyler; R. M. Hees, Shell 
Oil Co. in Kilgore; and W. M. Jones, 


Stanolind Oil & Gas Co. in Longview 


remaining are 


Che feature of the evening was an 
address on “A New 
Perforating” presented by Bliss Adam 


A pproac h to Gun 


son, supervisor of engineering and pro- 
duction for electrical well services, with 
Halliburton at Duncan, Oklahoma. Aft 


er reviewing the history of gun per 


forating and the many applications 


which it has found in the petroleum 


industry, Adamson listed the factors 


which research has shown to have a 


Part of the new officers and directors for 1950 are L to R: P. G 
Thies, director; P. J 
S. Morris, director. 


retary-treasurer; R. K. 
Jardins, director; and W 
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Penetration results in a surface test 
of a new gun designed with five fac- 
tors under consideration. These fac- 
tors are explained in the accompany- 
ing text. 


bearing on the penetratior ilts ob 
These 


tained from present equipment 
factors included 

l. The gun size shoul 
possible for any 


maximum penetration 


2. Variations in the angle of approach 


of the projectile to the pipe will be ex 
perienced due to the position of the 


gun with respect to the pipe 


Burnett, sec- 
Lehnhard, chairman; P. E. Des 
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3. Bullet affected by 
angle of approach of the projectile to 


breakage is 


the pipe. 

4. Variations in burr characteristics 
were noted due to position of gun with 
respect to pipe. 

5. Wear of gun barrels effects pene- 
tration 

A new gun has been designed with 
these factors in mind. It is arranged so 
that all gun barrels fire in the same 
direction. A drag spring located on the 
opposite side of the gun from the firing 
ports holds the gun in such a position 
that the muzzles of the barrels are al 
ways against the casing. With this de- 
sign, the size of the gun is not a critical 
factor in penetration, since the gun 
muzzle will always be against the pipe. 
and increased penetration can be ex 
pected since the gun is positioned so 
that the approach of the projectile to 
the pipe will always be radial 

The projectile used in this gun is 
equipped with an expanding gas seal 
which minimized the effect of barrel 
wear, since all of the explosive force of 
the powder charge is trapped behind 
the projectile until it leaves the muzzle 
of the gun. 
slides 


tests 


Adamson displayed several 


showing the results of surface 


made with this gun. These slides illus- 
trated the reduced amount of burring 
of the casing and very good penetration 


obtained by use of this gun. ® *® ® 


Bliss Adamson, supervisor of en- 
gineering and production for electri- 
cal well service at Halliburton, spoke 
on “A New Approach to Gun Perfor- 
ating” at the December 13 meeting. 
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Fred C. Newman, of the Old Na- 
tional Bank in Evansville, Indiana, 
spoke on oil loans at the December 
meeting. Starting as a mail boy with 
the bank in 1925, he rose to a vice 
presidency in 1948, and assumed 
charge of the oil department in 1949. 


“Bank Financing in the Oil Indusir 
was the title of a paper presented by 
Fred C. Newman, vice president of the 
Old National Bank in Evansville. In 
diana, at the December 8 meeting of 
the Chapter in Mt. Vernon, Illinois. A 


synopsis of the paper follows. 


Since most of the transportation, re- 
fining and marketing of oil is done by 
the major companies, the financing for 
these operations is usually obtained in 
the large money markets of the country. 
Consequently, local financing is usually 


confined to the drilling for and produc- 


IHinois Basin Chapter 
By Richard W. Love 


tion of oil. Loans are not made on ex 
ploratory drilling, as they are too =pe 

ulative. They are made for the drilling 
of produ ing we IIs and on prod ng 
properties, after the property has been 


appraised petroleum enginee 
Banks have found from experience that 
the extensior credit to competent oil 


' 


operator ‘ te liquidated rut rf nt 
} 


income, whe ich properties have 


carefully App! d. to be among | 


best tv pe f earning assets of the bank 


For the 1M ot financing 
rate appraisals by the petroleum engi 
neer are of the tmost importance 
loans are sed the reserve of 
for the properties oncerned 
maintain 
engineer 
and « 
performan 


previous 


Grantu 
general pro 
first well 
come trol 
producer 
so. but ! reaches il nr wher 
and his asseciates ci » long 
nance the peration, and he goes to 
bank The ink obtains complete 
formation on the formation, and on t 
interest owned by the applicant for 


loan The terest owned 1s of p 


importance, as the loan is usually de 
clined if the interest does not provide 
operating control. The applicant is 
asked for a financial statement and ref- 
erences, all of which are checked. 

The next step is to have the property 
submitted for collateral appraised by a 
petroleum engineer. The future reserves 
belonging to the applicant’s interest are 
estimated, and a loan value attached 
based on the current price of oil. The 
econd step is to determine the amount 
of loan the property will carry by fixing 
the net daily production owned by the 
ipplicant. Loans are never made on a 
-ingle well because of the possibility of 
its going dry or making water, and the 
loans are calculated as a certain per 
centage of the prevailing price. The 
imount of the lean to be granted is 
then determined, and a formal applica 
tron ts prepared and submitted to the 
executive committee. After a loan is 
approved, the applicant furnishes the 
vank’s attorney with the abstracts and 
as the title brought down to date. The 
ipplic ant now becomes the borrower 
ind he mortgages to a trustee for the 
bank his interest in the property and 
also gives a chattel mortgage on his por 
tion of the equipment. After the titles 
are cleared and abstracted properly, 
funds are disbursed under the mortgage. 
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Employment Notices ———— 


The JourNAL will post notices of me 
and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge 
Address replies to: Code (appropriate 
number), JourRNAL oF PETROLEUM 
Trecunococy, 601 Continental Building 
Dallas 1. Show return address on en 
velope The -+e replies will be forw arded 


unopened, and no fees are involved. 
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PERSONNE! 


@ Graduate petroleum engineer, Mis 
souri School of Mines. 31. married 
months electr 
experience with oil well service con 
pany; desires position with oil compan 


in field. ¢ 


@ Geolog 
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ix 


il shop work, six months 


gree in February, 1950, 25, married; 


would like a position anywhere in the 


United States. Code 117. 


@ Petroleum geologist with B.S. degree, 


32, married, 3\% years subsurface ex 


perience in Cuba and Venezuela; de 
sires a position with a major company 
in the Mid-Continent, Rocky Mountain 


or Gulf Coast region. Code 118. 
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The first officers of the newly-formed South Plains Sub Sec- Some of those who have been active in the organization 
tion are L to R: David Morrison, George P. Livermore in work of the Sub Section are, L to R: Lee Flood, Production 


Lubbock, secretary-treasurer; Cy Helm, The Western Co. in Management Co. 
Levelland, 2nd vice chairman; W. D. Powers, Sid W. Richard- 
son in Sundown. chairman; and R. M. Leibrock, Stanolind in 
Lubbock, Ist vice-chairman 


Midland; E. B. Armstrong, Honolulu 
Oil Corp. in Lubbock; Robert R. Shaffer, Stanolind in Level- 
land; Paul S. Johnson, P. E. Dept. of Texas Tech; and Joe 
Chastain, Bethlehem Supply Co. in Midland 


South Plains Sub Section Activities 
By Robert R. Shaffer 


Final organization of the South Plains D. B. Morrison, George P. | 
Sub Section, Permian Basin Section Lubbock, secretary-treasurer 

Directors elected for 1950 
Armstrong, Honolulu 
Petroleum 
partment in Texas Tech 
Shaffer, Stanolind 
Levelland 


nh Sundow! was 
in ndown i Over 120 


was completed with a meeting in Lub 
bock December 21, which was attended 


members Johnston 


by approximately 60 AIMI 
and guests 

W. D. Powers, district engineer for 
Sid Richardson, Inc anabeners 
elected the first chairman. Other officers 
elected were: R. M. Leibrock belonging to the 1 
lind Oil & Gas Co. in Lubbock, Ist vice While no definite 
chairman: Cy Helms, The Western Co have been set, the S« 


in I evelland 


Plains area have xpre 


“tane 


nd viee chairman: and erally includes the 


50 to 75-mile radius of Lubbock. Mem 
bership in the Sub Section is offered to 
interested persons on a local basis, ot 
1 full membership in the AIME. Local 
members do not receive the Institute 
publications, and have no vote in the 
activities of the group, but they may 
ittend all of the meetings. 

The next meeting of the Sub Section 
will be held in Lubbock January 15 
L. E. Young, president of the AIME. i- 
expected to be present for the meeting 


~*~ * * 





New officers elected for 1950 are, L to R, Howard J. Rambin, Jr., vice-chairman 


The Texas Co.; Fred E. Simmons, Jr., chairman, Louisiana Land and Exploration 
N. Dunlap, retiring chair- 
man and director, California Research Corp.; and H. M. Krause, Jr., director, 
Humble Oil and Refining Co. Officers and directors not shown in the picture are: 
John Dillon, secretary, Shell Oil Co.; J. Randolph Gregson, treasurer, Rey Sup- 
ply Co., Inc.; William Ilfrey, Journal secretary, Humble Oi! and Refining Co.; 


Co.; E. N. Van Duzee, vice-chairman, Shell Oil Co.; E. 


and Earl Jipp, director, The California Co. 
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Delta Section 
Activities 
By J. Paul Ratliff, Jr. 


Guest speaker at the December 13 
Delta Section meeting was W. H. Stew 
irt. Sun Oj Co Beaumont Texas 
Approximately fifty members enjoyed 
Stewart's presentation on the subject of 
gas-condensate well corrosion and pat 
ticipated in the gro ip discussion which 
followed. After tracing the deve lopment 

the NGAA and MC eorrosion re 
earch program, Stewart stated that ap 
proximately 74 per cent of all corrosive 
gas-condensate wells reported by 
operators ure now being treated 
chemicals. Also, the use of 
coated or alloyed sub-surface equi; 
very satisfactory in the 


ment is proving 
fight against corrosion. Stewart ver 
ably responded to many detailed ques 


tions asked by the group ~ * * 
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Texas A&M Meeting 


Continued from Page 25 


produced for more than one year with 
a GOR of 4,200 to 1. 


It was discovered that the gas sec- 
tion quit taking oil under hydrostatic 
head of the oil column, and the GOR 
started rising. The packers were raised 
out of the liner and flow secured 
through the entire sand section, and the 
packers re-lowered. To facilitate back- 
flowing and to change the packer level, 
a hydrostatic lift arrangement was in- 
stalled in surface equipment, illustrated 
in Fig. 3 


type pump for pumping oil tothe an- 


It includes a walking beam 


nular space between casing and tubing, 
and a sand filter through which all oil 
to casing is pumped. Also, it contains 
a worm gear mechanism for opening the 
port for back flowing the gas section of 
sand. The hydraulic lift is achieved by 
lifting the tubing by means of the pol- 
ish rod. The tubing is held by slips 
20 ft below the surface, operated by a 
lever. About 15 ft of tubing movement 


is possible with this equipment. 


In concluding the paper, West re- 
ported on two other gravel-pack com 
alternate layer 


pletions of the type 


which produced good results. 


A complete list of the other papers 


presented at the meeting. with the 


authors, is as follows: 
W ell Completion Fundamentals, H. T. 
Kennedy, A & M College of Texas. 


Drilling Mud and Its Relation to 
Well Completions, E. H. Lancaster, Jr., 
Magnet Cove Barium Corp., and R. L. 
Whiting. A & M College of Texas. 


The Jet Process of Open Hole Shoot- 
ing and Casing Perforating, R. H. Me- 
Lemore, Welex Jet Services. Inc. 


{cidization in the Permian Basin, 
B. R. Weaver. Tide Water Associated 
Oil Co 


Some Preliminary Investigations of 
Quantit itive Interpret wtions of Radio 
Co. and EF. S. Mardock, Well Surveys, 


Ine. 


Robert Todd 


Diamond Bit Coring, 


Core Laboratories, Inc. 


Uses of Plastics in Sand Consolida 
tion, Edward F. Kelly, Dowell Incor 
porated 


The Time Factor in Cementizg, Bruce 


Barkis, B. & W., Inc 
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Squee: nenting Operations 


George Howard and C. R. Fast, Stan 


lind Oil and Gas Co 
“Hydratra Process Results. W. D 


Owsley, Halliburton Oil Well Cement 
ing Co x* * * 


Gulf Coast Section 


Methods 


limed muds have been de 


Continued from Page 


various treating agents used 
for treating 
veloped in field practice, Goins stated 
and little reason can be 


given tor the 


particular techniques employed other 


than they work in practice The purpose 
of this investigation was to develop 
clearer 


understanding of limed mud 


systems 


He discussed the extent of calcium 


absorption by a bentonite or clay, whicl 


absorption depends upon the filtrate 


calcium concentration. Caustic used in 
limed muds serve to limit the solubility 
of the added lime and con equently the 
extent of absorption of calcium by the 


Where lime is used 


in high pH muds, the viscosity char 


clays and bentonite 


acteristics ich that the use of suf 


ficient caustic to limit solubility of lime 


to the 60 to 120 ppm range results in 


minimum \ sity and thixotropic prop 


erties. Exce lime over that required 


for saturation serves as a reserve of 


lime to replace that taken from solution 


by shales dispersing into the mud dur 


ing drilling. When caustic is not used 
and/or if other contaminants are pre 
ent, higher filtrates calcium concentra 


tions are 1ined and other viscosity 


filtrate cal m relations are shown. Fil 
trate calcium concentrations of over 
200 ppm ind sodium chloride concen 
trations of over two per cent are ufh 
cient to exhibit a maximum inhibiting 


effect on h 
the filtrate 


dration, and if carried in 
hould result in less heaving 


shale, total solids and formation plug 


ging difficulties 
M. Bug 


pointed out the in 


In a prepared discussion, J 
bee Shell Oil Co.. 
teresting property which limed muds ex 


hibited in preserving shales. This prop 


erty, he said, has been demonstrated by 
correlating caliper surveys with the use 
of these muds. Other prepared discus 


sions on tl paper were presented by 
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Preston Chaney, Sun Oil Co., Beaumont 
and John P. Weichert, Gulf Oil Corp 


Study Group Meeting 
The second meeting of the newly ot 


ganized Reservoir Engineering Study 
Group was held December 15 in the 
conference room of the Shell Research 
Laboratory. Approximately 50 engineers 
from Houston and surrounding areas 


were in attendance. 


J]. Daviss Collett 


ciated 


president of Asso 
Inc., of 


spoke on the subject of techniques in 


Engineers, Houston, 
volved in securing and analyzing sub- 
surface and recombined samples of res 
ervoir fluids. Norman J. Clark of Hum 
ble introduced the speaker and acted 
is moderator for the discussion that 
followed. The many pertinent question» 
posed by members of the audience were 
capably answered by Collett and two 
of his associates, I. A. Jones and J. T 


Ashford 


In line with the wishes of the mem 


bers of the Group that the monthly 
programs be integrated in order to more 
efficiently cover the field of reservoi 
engineering, J. S. Levine, chairman, an 
nounced that the next meeting would 
be devoted to a discussion of the engi 
neering treatment of PVT data obtained 
by the methods outlined by Collett 
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Junior Section Activities 


Continued from Page 3! 


blow of a giant hammer. Obviously, thi- 
method is less expensive since it doe 
not involve the drilling of shot holes 
rhe seismic method is frequently used 
for offshore exploration and has been 
quite successful. The principle of seis 
mic work under water is the same as 
t is on land except that hydrophones 
van be used in place of the conventional 
The depth al 


which the explosive is detonated has a 


vibration instruments. 
great bearing on the results obtained 
since if the « xplosive is set off too deep 
i large gas bubble forms which tend- 
to compress and expand as it ap 
proaches the surface emitting unwanted 


shoc k 


earch for limestone reefs, such as are 


waves. Seismic work in the 
ound in Canada, has not met with suc 
ess; however, this problem is current 


ly being worked on. 
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bs Drift of hings 


. ++ as followed by EDWARD H. ROBIE 
Secretary AIME 


Council of Section Delegates 


forth- 
Meeting will be the 


Among other features of the 
Annual 


first gathering of the newly organized 


coming 
Council of Section Delegates. Thus is 
another of the recommendations of the 
Divisionalization and 
Publication (Hjalmar W 
chairman, with M. M 
Ball) 


Committee 


Committee on 
Program 
Johnson l eigh 
Clayton G 

This 


“some form of representative assembly 


ton and coming to 


fruition suggested 
serving as a4 co-ordinating link between 
Sectional units of organization and the 
Central Administration The Coun 
cil thus evelved should be made truly 
sccredited 


Sections, and possibly of the Divisions, 


representative with duly 


delegates representative of the 
possessing sufficient tenure of office to 


ensure continuity in its deliberations 


It should function in an advisory 


eapacity only It would. in the first 


place, provide the electorate with or- 


derly means of periodically informing 
the Dire torate concerming membership 
Views toa degree not now available, and 
in turn would provide the means by 
which the heavy responsibility and 
problems of the Central Administration 
could be better appreciated by the mem 


bership than is now often the case.” 


Following receipt of the Johnson 


Committee report, a “Committee on 
consisting of Joseph 


Edmund A 


Corless, was 


Democratization”, 


L. Gillson, chairman, with 
Anderson and George B 

appointed to investigate the problem 
of democratization further and to acti 
Johnson Commit 


Annual Meeting 


vate the ideas of the 
tee. lit reported at the 
in San Francisco last year, and one of 
its six points was the reorganization of 
the Section Delegates group and re 
planning of its meetings. The Commit 
tee was asked to amplify its suggestion, 
and at the September meeting of the 


Board, last fall, 


mendations in detail 


reported its recom 


offering provi 


sional bylaws for the operation of the 
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proposed Council 
meeting will be 


operate under these 


Section Delegates 


meetings are 


ing new; they have long beer 


program tor our Annual Meeting 


heretofore the de legate has usually fune 
tioned as such for that meet 

the agenda has been draw! 
Secretary's office; the Pr 

Institute has presided 
ings have conflicted with 


sions 


As envisaged by the Gil 
tee, the principal dutic 
Council would be a) T 
posals, complaints and 
from individual members or Lo« 
tions. It may appoint committee 
investigate such and to 
ommendations to prese 
(b) To keep the Preside 
tute informed on aff 
“ections (c) To receive 


about Institute affairs from 
through the President 
} 


and to pass such infor 


Local Sections 


Fach delegate w 
years, but to assur 
least half of the g¢ 
terms will be stagger 
of the Local Sections 
delegate to serve in 
to ser intil Nov 


started 


and half a delegate 
14, 1951 


next February. the deleg 


To get the 
from the 
Colorado Section will be chairman pro 
tem, and the delegate from the Permian 
Basin Section ecretary 

ever, at the meeting 
Committee, consistin 
from the Boston, Gi 
sylvania Anthracite 
port, offering a fu 
chairman, vice-chair! 
four executive 


will, if elected, take 


The agenda for the mee 
prepared by the delegates 


New York, Permian B 
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cisco, Upper Peninsula, and Colorado 
-ections 

Any Director or officer of the Insti- 
tute may attend the Council's meetings 
as an observer, without vote, but only 
if invited 
Council each 


[wo meetings of the 


year are authorized, but railroad ex- 
penses of the delegate will be paid only 
to the Annual Meeting of the Institute 


for the present. If a delegate cannot 
attend, an observer may take his place 
or an observer may accompany a dele 
gate. but an observer will in no case 
have a vote 

The Gillson committee suggests that 
meeting shal! 


“whenever possible the 


precede by a day or so, a scheduled 
Board 


therefore has 


meeting.” The Council meeting 
scheduled for 10 


a.m., Saturday, February 11, 1950, and 


been 


it can continue through the afternoon 
ind evening if need be. The Board will 
Sunday 


meet morning at 10, and all 


Section Delegates and observers are 
invited to be present and to participate 
discussion by the Directors of 
Board by the 


topics in which 


in any 
matters brought to the 
Delegates, or in other 
they may be interested. The meeting of 
the Council will be entirely free of any 
meeting 


conflicting sessions, and the 


of the Board largely so. Time should 


be sufhcient for full discussion of im 


portant matters. 


Some skepticism has been expressed 
is to whether the proposed plan will 
be more satisfactory than the procedure 
that has been followed before. But the 
mechanics are available for a true and 
uninhibited expression of the sentiment 
of the rank and file 


meeting is entirely ir 


The success of the 
the hands of the 


delegates 


Branch Organization 
Another of the important recommend 
committee was 


ations of the Johnson 


the organization of the Institute into 
three major technical 


Mining. Metals 
es. With the organization of the Min 


groups the 
and Petroleum Branch 
ing. Geology. and Geophysics Division 
now rec ognized, the Divisional structure 
is complete and the Branch organiza 
The by 


laws of the Institute provide definitely 


tion can now be consummated. 


for a governing council for each Branch 


e 


made up of at least six members, in 
cluding one each from the Mineral Eco 


nomics and Mineral Industry Education 
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Divisions, the other members being 
equally divided among the const tuent 
Divisions. This means, in practice. that 
the Petroleum Branch council must con- 
sist of six or more members, the Branch 
and the Division here being synony- 
mous; the Metals Branch council must 
consist of at least eight members (there 
being three divisions in the Branch) ; 
and the Mining Branch council may 
consist of six members or more (there 


being four Divisions in this Branch). 


The Petroleum Branch council has 
already been set up and is the same as 
the officers and executive committee of 
the Petroleum Division; in fact, the 
Division prefers to be known as the 
Petroleum Branch. Likewise, the Metals 
Branch council has been named, with 
A. A. Smith, Jr.. 
Kirkendall as secretary, and an execu 


as chairman, E. O. 


tive committee of six, including the 
chairmen of its three constituent Divi- 
sions. [t is hoped that the Mining 
Branch council can be named at the 
Annual Meeting. at which time a meet- 
ing of the officers of the constituent Di- 


visions is planned. 


So far, the responsibilities and duties 
of the Branch councils have not been 
established, and this is @ matter for 
early Board action. Certainly, general 
supervision over the Branch journals 
and the activities of component Divi- 
sions would seem to be within the prov 
ince of the Branch councils. Fair appro- 
priations from the national treasury for 
Divisional activities should be studied. 
One of the first responsibilities of the 
Mining Branch council which will be 
discussed at the Annual Meeting would 
presumably be to recommend to the 
Board whether or not a paid secretary 
should be employed, and if so, what his 
field of activity should be. The Johnson 
committee suggested a field secretary 
for the Institute as a whole, and the 
Gillson committee specifically recom 
mended a field secretary for the Mining 
Branch, with headquarters preferably 
in Salt Lake City. 


The Noble Prize 

Honors, awards, and prizes bestowed 
by the Institute are becoming so numer 
ous that many of them are not as well 
known to the membership as they de- 
serve to be. The Alfred Noble Prize 
is an example. It is not strictly an 


AIME prize, since it may be granted to 
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the author ‘a technical paper of par 


ticular merit” published by any of the 
Founder Societies or by the Western 
Society of Engineers. However AIMI 
members have frequently won it, as 
they did in both 1948 (John H. Hollo 
man) and 1949 (Robert L. Hoss The 
cash prize $350, and the expenses of 
the recipient are paid to the meeting 
at which the award is made. Competi 
tion for the prize is not severe, tor it ts 
limited to authors who have not passed 
their 3lst birthday when the paper i 
accepted, and only a small proportion 
of the members of the societies in this 
categor ive reached the professional 
Stature thev feel they can write 


an acceptable technical paper 


Here n opportunity that should 
interest Junior Members, and those of 
our Members who are still in’ their 
twentic The prize is decidedly worth 
while, as the trip to the Annual Mee 


ing, and reo r the prize 


worth considet 


winner 
ably more ther, when it come 
All you have to 


a more outstanding paper 


to looki ‘ a job 
do is t¢ 
than a do or so of your fellows. It 


worth a 


Continuing the Trip 
In the Nov 


the Secretary ended in El Paso on a 


ember issue. the travels of 


got ‘ rowde d 


but the com 


rum note. This department 
out of the December issue 
plaints thereby aroused by disappointed 
readers could have been counted by the 


Venus of Milo on the 


hand 


fingers of one 


Fron | i drove to Silver 
City, New Mexico, where we found the 
small pre discouraged about the 


declin ng metal prices but Ke inecottl s 


perties 


big open pit at Santa Rita was produc 
ing as usual, and a leaching project on 


some 125.000.0000 tons of « ipping, con 


taining about 0.35 per cent 

was unde which should 

of 400 ) to » the country 
producti I 1 years to ome The 
ore tor the concentrator runs a bit o 

l per cent in copper, about a tenth o 
which xidized. At the smelter at 


Hurley 


ers on he re 


we found that the vibrating feed 
H 

*‘rberatories had been 

abandoned as they did not work satis 

foctorily on material containing around 


y per cent monsture 


Next stor 


Inspiration where we 
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its open-pit operations for the first time 
i5-vd Dart trucks 
500 tons of ore daily direct to a 42-in 


24 tons) dumping 
gyratory. An equal amount of waste 
has to be disposed of at present, but 
later on the waste should be but about 
0.7 ton per ton of ore. At the leaching 
plant, capacity has had to be increased 
because of lower-grade ore. How was it 
done? By raising the walls of the leach- 
ing tanks 18 in., which increased their 
capacity by 12 per cent, but involved 
a big job in rearranging piping. We 
were interested in the grizzly bars being 
used in the belt discharge into the tanks 
to lessen segregation in the ore bed. 
Sam Manuel is coming along as one 
of the country’s biggest copper mines 
but there is not a great deal to see there 


as vet. 


At Tueson we ran inte a dads’ and 
moms’ day at the university, but T. G. 
Chapman had time for a good visit. En- 
rollment in the mining school there is 
at a peak and up a third over last year, 
with 216 undergraduates and 22 gradu- 
ate students, though enrollment in the 
other engineering courses declined 
ibout 10 per cent, to 660, Particularly 
close relationships with the mining com- 
panies are maintained, which helps in 
getting jobs in the summer and after 
graduation, and in securing scholar- 
ships. Kennecott, for instance, main- 
tains a $750 annual scholarship, AS&R 
one of $500, Shell $1500, Phelps Dodge 

graduate scholarship of $1200. Inter- 
est on a $25,000 H. W. 
ment goes to freshmen. Some 60 per 


Oliver endow- 
cent of the mines enrollment is still 
Gl's. The entire graduating class was 
placed last June at from $250 to $310 
a month; one got $410. Dr. 
favors gradaute work for metallurgists 


Chapman 


and geologists but not for miners. A 
course in labor relations, including a 
study of labor legislation, is now re 


qu red for all except geologists. 


At Ajo we found production at about 
28.000 tons of ore per day, plus 20,000 
of capping, all rail haulage just recent 
ly having been electrified, with Diesel 
electrics, and a 3 per cent grade. The 
chaleopyrite-bornite ore going to the 
mill runs but little over 0.8 per cent, 
with concentrate close to 30, and tailing 
Arizona's newest copper 
a 360- 


ft stack and a reverberatory with Ku 


less than 0.1. 


smelter was under construction 


zell concentrate slingers to feed it * 


SECHOMN Fe 
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1950 OFFICERS ELECTED 
AT NOVEMBER 


With twenty Directors present, the 
Board again held a lengthy meeting on 
November 16, gathering for an infor- 
mal luncheon at the Engineers’ Club 
at 12:30 and moving over to the Board 
room at Institute headquarters immedi 
itely thereafter for a business session 
that lasted until 5:20. President Young 
presided as he has at all Board meet 


ings during his term of office 


r. W. Lippert, Manager of Publica 
tions, announced certain 
the three AIME journals for 1950 
The editor of each will select on! 
those personals that he wishes to use 
and the section of person il ind obitu 
aries common to all journ ] will be 
discontinued. All the items will be pre 
pared at Institute headquarters as for 
merly but a selection will be made by 
each journal. This does not necessaril 
mean that each journal will limit it 
personals to items about the member 

its own Branch, for it is expected 
that each editor will also carry the 
more important items about Institute 
member in other Branches as well 
The reaction of readers is invited. To 


ive space compan connection 


f 


ind street ipplic ants for 


member hip i ) t discontin 
ued, and the po sibility complete 
elimination of the names ipplicant 


is being studied 


Plans for increasing the advertising 
in all three journals were also an 
nounced. The JouRNAL oF Prerroteum 
Tecunovocy will turn over advertising 
solicitation of new prospects in eleven 
Western states to the firm of McDonald 
Thompson, of San Francisco and Lo- 
Angeles, and the mining and metal 
journal will appoint an advertising man 
with headquarters in Chica who may 
also be asked to solicit advertising in 
the petroleum journal. | | approval 
for the appointment of the ¢ ca rep 
resentative was voted at the meeting of 
the Executive and Finance Committees 


on December 7 


Further attention was 
Board to a matter that had come up 
at the October meeting of the Finance 
Committee: what to do about the Engi 
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BOARD MEETING 


neering Societies Building 
pairs are imminent and the | 
inadequate to meet the needs 
cupants. The feeling of the 
that has been studying the 
reported in person by 
Carey, chairman, and 

ASCE, is that seric 

should be given to 

tructing a new 

the present one 

tioned whether 

cieties should conti 

ent substantial suppo 

ing Societies Library 

this also enters int 
United } ngineering 
tate Committee wa 
Board to continue it 


bility of new quarters 


Official announce 


the election of the AIME off 


sented by the Nominat 
ind published in the Jul 
journals. The ticket 
ald H. MeLaughlir 
1950, with Andrew 
ert W. Thomas 
Harold Decker 
Meagher, C. \V 

ton, and Howard 
Divisional chairn 
fheio for next 

ogy. and Geop 
Mineral Ben 

Coal, Carroll 
Minerals, Ricl 

of Metals, Maxwell 
Steel, H. K. Wor 
lurgy. Carletor 
lohn E. Sherborne 
Charles H. Be 
Industry Edu 


Some 


ommend 


duced 

duce AIMI 
ibout $9000 
offset by 

n imber ot 
that greater p 


to the fact that the prese 
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ments of $5 each on request. about | 
per cent of new members now taking 
idvantage of this privilege. One sug- 
gestion was that no initiation fee be 
charged Junior Members when they 
must change their status to Associate 
or Member at age 33 but that the fee 
be charged in gradually increasing 
mounts, according to age. thereafter 
It was decided to discuss the matter 
further at the Annual Meeting. How to 
handle the finances of Institute, Branch 
ind Divisional meetings, carrving out 
the idea that they should be self-sup 
porting, also received attention by the 
Directors. with final decision to be made 


later 


The Mineral Industry Education D 

sion was authorized to proceed with 

tI implementation ol ts uggestion 

that a new major AIME award be given 

notable contributions to mineral in 

stry education. Approval was voted 

» the “Canons of Ethics for Engineers” 

idopted two years ago by the Engineers 

Council for Professional De velopment 

he AIME had previously not subscribed 

such code An invitation was pre 

for the AIME to suggest a can 

or the award of the Kelvi 

in 1950 by the Institution of 
ngineers, of Great Britain 

« given for “distinguished serv 

the application of science to 

ineering.” The Secretary will be 

to have AIME members suggest 


s for this honor 


\ppointments to committee 1uthe 
d by Board includes: Jack I 
Laudermilk as vice-chairman of | the 
Technical Publications Committee in 
lieu of Anthony Anable. resigned: Har 
old M. Bannerman on the Auxiliar 
Publications Committee of Indus 
trial Minerals Division 
declined; Fran 
inted to represent 
Document yn stitute 
to represent the AIMI 
imittee on Deep Well Vert 
American Standards 
ndger Denison reap 
» represent AIME in the Amer 
Geological Institute: and O. B 
Sawver to take the place of C. H. Math 
ewson, resigned, on the Council of the 


American Association for the Advance 
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ment of Science; Morris Muskat to rep istence of PAEC (UPADI) and take Approval was voted of a new Afijliated 
resent AIME on the Committee on Fluid an active é he work of that Student Society at the College of En 
Permeation of the American Standards organization gineering, New York University, with 
Association; and Manuel B. Llosa and Director esent. besides President John N. Nielsen as Faculty Sponsor and 
\. Russell Merz to represent AIME at Young. were: Alford. Benedict. De: Edmund M. Wise as Counselor. 

a meeting of the Peruvian Institute of Elkins. Head. Kinzel. Kraft 
Technical Valuations at Lima, Decem- lin. Meverhoff. Millikan. Pe 


> Q S ’ 
ber 8-15, lips, Rhine schumacher Sullivar 


The following prices were set on 
volumes in the Institute of Metals Sym- 
posium Series (superseding previous 
Sherwin F. Kelly reported on a meet Swainsot nen 1 Wrather 
: prices} Vol. 1, Nonferrous Melting 
ing that he had attended as an AIME At a of tl ‘ ‘ 
Practice, and Vol. 3, Red and Wire Pro 


delegate that of the First Pan-Amer Finance 

ican Engineering Congress at Rio de Presider duction Practice, $2 to members and $3 
Janeiro, July 15-23. He urgently recom Schum embers; Vol. 2, Nonferrous 
mended that AIME lend its whole er present is me ‘ ) Rolling Practice, $3 to members and 
hearted support to the continued ex- and min tters were disposed of 4 o nonmembers. ee 2 


————— Proposed for Membership -——— 


Total AIME membership on Sept. 30, 19-9, was the S$ light message arden City —Mitter. Lovie Pore 
15,988; in addition 4427 Student Associates were ‘ ere the « s 
enrolled s of the objection should S—S-J). Trainee, Shell Oil Co. 
Institute desires to 
ADMISSIONS COMMITTEE ileges | nn to whom it ca Hays Rocers, Artuur Marion 
e , "hair t Philli e but ne esire fo adm s 
yi = Se teat . P eatin P MVM). Station manager of Dowell, Ine : 
man, lvan A. Given, Robert L. Hallett, Richard ’ ) m nge v< Ke saa 
D. Mollison, and John Sherman rer i 7 J ¢ re ansas. 
Institute members are urged to review this list ember; AM, A Membe tudent As > . , 
as soon as the issve is received and immediately J € aff KENTUCKY 


ALABAMA ' ? rT SON \ Henderson—Merrorp, Nace Fen 
iM). , . ams og State 1, Je. (C/S—-S-J). Petroleum engi 


Parrant—livrr, WitttaM B., Jr. 
ploratio Ashland Oil and Ref. Co 


Chief measurement supervisor, South- 
ern Natural Gas Co Menlo Park——Horn DAN LOUISIANA 
(C/S—] Senior petrol 


Vv _ > 

ARKANSAS a lt mE ee ‘ew Orleans—Reynaup, Richanp 

Burke. (C/S—S-J). Rigman, Lane 
ells Co. 


Yeacer, Joun Grienn. (R, C/S—J 


El Dorado—-Racspare, Joun G. (J). Mode HockMAN, ALBEE 


Division production engineer, Lion Oil Min. (M Chief petrol 


Co. engineer, Rocky Mounta 
1). Gas superintendent, Humble 0}! 


Malvern— Vincent, Kennetu CHap- Riverdale ‘AVES, ; ; 
ind Ref. Co. 


wan. (C/S--J-M). Chief metallurgist, in, 4 S-M 
Baroid division, National Lead Co \merad roleum Corp MICHIGAN 


raft LIP! 1 . \ Clare—Bureess, Davin MILLER, Jt 
CALIFORNIA Meare ay 


KNOWLTON Drex 


Productior verinte t. Ger c S-S-J). Petroleum engineer, ge 
: troleum li | survey division, department of 
»S 5 \I ne -ervoir eng 


COLO! on-ervation, State of Michigan. 


Denver i i Ow VEW JERSEY 


ttleeman Notre Dame As-o 


tion. 


Coalinga—Harris, Donatp- Frep. (J). Pe f nee! exa Cedar Grove—-FauLKner, Ross Hii 


J). Petroleum engineer. trainee. Stan Ow! . N N ron. (M). Petroleum engineering con 

dard Oil Co. of Calif J-AM etroleum ¢ é tant, Lehman Corp, 

Usrick. Ronatp Erron, (J). Petro Bay Petrol nid Nutley—Peresinossorr, ANpri 
*ngineering technical a ILLINOIS M). Petroleum engineer (well loging 


Srandard Oi) Co. of Calit pecialist), Socony-Vacuum Oil Co 


Glendale LOCKWOOD i I ) M 


Short ills ENNEDY, EpWwin 
M). Consulting geologis H K ay Ey 


r, Cole and I wood \M). Petroleum economist, Lehn 
neer, ole on ood, 

- INDIANA 

Los Angele MicMourry, 


Ricuarp. (J) Sale enginee 


Brothers 
Augu ; Né Summit— Mourrurer, Eoer Vaucnan 
WILLIA I str é M). President, Standard Oil Develop 


Smith Corp 
lair O i o ent Co 


SPARKMAN, RicHanp Myron J 
Field service engineer, Lane-Wells Co ‘EW YORK 

Townsend, Rosert Dawson. (CS ire} MPI \M ESLI Bronxville—Lyon, Emmett Jerrer 
J-M). Equipment engineer, General Pe ~ Engit trainee, Ohi M). Plants and pipeline opera 
troleum Corp ttons analyst, Arabian American Oil Co 
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New York 
J-M) 


Texas Co. 


Van Paasscuen, Jacon. 


(C/s Reservoir engineer, The 


OKLAHOMA 

Bartlesville—Banrz, Manton Hucn. 
(C/S--J-M). Metallurgical 
Phillips Petroleum Co 

Wey, 


Petroleum engineer, P-1 


engineer 


S.J}. 


Bureau 


Joun Epowarp. (C/S 
u. Ss 

“of Mines, petroleum experiment station. 
Tuomas Braint 


Magnolia Pe 


Duncan—-Lowary, 
(J). Petroleum engineer 
troleum Co 
Worsert, Georct 
J.-M) 
Phillips Petroleum Co 

Oklahoma City—-Etsxen, Steruen M. 


(cs 


Norman SMITH 


Jr. (C/S Production engineer, 


S.J). Petroleum geologist, Am 
erada Petroleum Corp 


J-M). District 
Associated Oil 


Janovy, Joun, (C/S 
geologist. Tide Water 
Co 

lulsa Davis 
M). Production 
Corp 

Haw 
ation engineer 


Kaye 


neer 


Warken B 


engineer 


(L/S J 
Gulf Oil 


Avwert Le Cram. (M). Valu 
Deep Rock Oil Corp 
(M) 


Eeupy. Consulting eng 


Scentuntz, FE. Kenneru. (C/S—J 


M Reservoir 


ploitation engineering division 


engineer (area), ex 
produc - 


tion department, Shell Oil Co 


TH DAKOTA 
Philip 
S.AM) 

Co 


sol 
O'Neat, Lewis Meare. (C/S 


Geologist, Cities Service Oil 


TEXAS 
Bellaire 

wortH, Jr (J) Associate 

Humble Oil and Ref. Co 
Dallas 


Ets 


engineer 


Simpson, RAYMOND 


Cores, Burton Everert, Jr 


(J). Junior reservow eng 

Ref. Co 
Cook, Evin Les M 

chemist, Magnolia Petroleum Co 
Davis, Rocer Hucu. (C/S—J 


Self employed, oil business 


Fout, Ectswortu Wituiam. (R, C/S 


J-M). Consulting petroleum engineer 
Meyer and Achtschin 
Morton 
manager, Enginee 
Service, Oil Well Supply C 
JENKINS 


Haynes, James 


sistant 


RopMAN J Re 
gineer, Magnolia Petroleun 
AUGUSTI 


Mircue ty, Joseru 


Assistant engineer 
search and development 
Co 

Erwin Rat 

Mii Geologist DeGolve 
Naughton 
Worth 
(AM). Engineer 


ScoTtT 


Fort Rosin 
LAWRENCE 
Services, Inc 

Hanve 
Petro 
Ohio Oil Ce 


Freeport ELDER 

Ir (Cc /S—S8.] 

trainee 

Pittman, P 
Production 

B. Cox and Jake L. Hamo 
Houston—-Wuirmor 

rok. (M). Petroleun 

lind Oil and Gas Ce 
Kilgore-——Jay, W 

(AM) Electrical 

ator, Halliburton Oil 


Freer 


C/S—-S-] ) 


Liberty DrusHeEl 
$-J-M). District 
Pexas Co 

Midland 
rosion engine 


neering Co 


Rosert Van Ospexr. Jr. (J). 
Slick-Urschel Oil 


WEST 
Chemical 
Co 


engineer, 


Odessa Pact OsMOND. 
. Engineer. West Texas dis- 


American Oil Co. of 


C,REENE, 
if ~ S 1) 
trict, General 
Texas. 
Mavunice, James Matrruew. (C/S 
}-AM) 
Orange—-Howarp, Forrest Conran. 
The Texas Co. 
(J). Dis- 


oal and 


}). Field engineer, 
Plains 
rict engineer 


Oil Co 


Catiert, R. JoHn 


Texas Pacific ¢ 
Sherman—Sinccain, THomas Gra- 
Ham. (C/S 
dard Oil Co. of 
FORBES, 
J-M) Assistant 
ind field engineer 
Co 


S-J). Field engineer, Stan 
Texas 

FRANK Henry. 
chief 


Continental Carbon 


Sunray 


/S engineer 


Wichita Falls—Gearuart, Marvin. 


(J). Junior engineer, Welex Jet Serv 


ices. Inc 
WYOMING 
Laramie J-M). 


Bureau of 


Biees, Pau. (C/S 
Petroleum engineer, U. S 
Mines 

Lipstate, Potie H.. Jr. (R 
SM) 
reau of Mines. 


( s 
Petroleum engineer, U. S. 
VENEZUELA 


Caracas—MeEap 
J-M). 


Venezuelan 


Homer NATHAN. 


C/S Senior petroleum 
Atlantic Ref. Co. 


Ricuarp. (C/S 


engi- 
neerT 
Patron, WittiAM 
J-M). Sales engineer, Parkersburg Rig 
ind Reel Co 
Rosaces, 


Micuet. (C/S—J- 


Shell Carib 


CESAR 
M). Exploitation engineer 
bean Petroleum Co. 
Maracaibo (J). 
xe 


Forrer, MARTIN 


Texas Petroleum Co 


Ceologist, 





JANUARY 

10 Delta Section, AIME. Water 
Injection 

10 East Texas Section, AIME 

11 San Francisco Section, AIME 

16-19 Plant Maintenance Show. 4 
day exposition and confer- 
ence, Auditorium, Cleve- 
land 





AIME MEETING CALENDAR 


17 Gulf Coast Section, AIME 


18 Southwest Texas Section, AIME 


FEBRUARY 


8 San Francisco Section, AIME 


12-16 Annual Meeting, AIME, 
Statler Hotel, New 
York City 


OCTOBER 
4-6 Petroleum Branch, AIME, 


Delta Section, AIME 
East Texas Section, AIME 


Southwest Texas Section, AIME 


New Orleans 
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Book Reviews 


Infrared Determination of Organic Structures 


By H. M. Randall, R. G. Fowler, Nelson Fuson, 
Dangl. D. Van Nostrand Co., Inc... New York, 1949 


illus., charts, tables, diagrs., 8% x 11 in., cloth, $10 


Reviewed by E. FE. Bray. Magnolia Petroleum Co 


Empirical methods of infrared determination of 
structures are presented with the view of application to 
ical analysis. The material in this text supplies some 
background which is required by the investigator, as well as 
adding substantially to the available information in this field 
The instruments and techniques are described and method 
of approach outlined for determination of structure. In addi 
tion to itemizing currently established correlations betwee: 
structure and the absorption spectrum, a tabulation made 
of the assignments of absorption bands of a large number of 
compounds containing double bonds. Also, the results 
of work on molecular structure are compiled in a fort 


usable by nontheoretical chemists and physicists 


A reference library of the actual records of a great variety 
of compounds are reproduced and labeled with help! 
formation: however, one could desire that the spectr 


be corrected for the energy spectrum of the source 


Although not a complete treatment of the applicativ 


infrared spectroscopy to molecular structure, this book 
very worthwhile addition to any technical library. TI 
will serve as a very valuable reference manual to anyo 
gaged in the analysis of hydrocarbons and other organi 


rials by the methods of infrared absorption. 


Natural Gas Economics 

By Joseph { 
1949 
$5.00. 


Kornfeld. The Transportation Press, D 


charts, tables, 94 x 6'4 In 


261 pp., diagrs., A 


Reviewed by J. F. Dougherty, DeGolyer and MacNaug 


This reference to the natural gas industry is primaril 
compilation ot published data for those whose knowles ige 
the industry is elementary. This is particularly true 
to the chapters on “The National Economy”. “Conserva 


“Finance”, “Reserves”, and “Regulation”. 


“National Economy”, “Conservation”, and “Regulation 
treated by limited quotations from several published s: 
primarily dealing with only the very broadest and most 
eral aspects of the problems. The chapter on “Fina: 

limited in scope by the unfortunate use of the Securities and 


Exchange Commission data on electric and gas utilities, rather 
than data on gas utilities alone. The case histories are inade 
quate, consisting of listings of Bonds and Stocks in expansio 
without relation to the financing 


programs company 


whole. Much of the statistical data is limited to the year 


to 1948 

The chapter on “Reserves” consists of descriptior 
and Texas Panhandle fields, and 
API and AGA. The sumn 


field histories are adequate but marred by errors in 


Carthage, Hugoton, 


reserve estimates of the 


1950 


January, 
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and some miscorrelations and misconceptions where the au 
thor strays from the mechanical compilation. In ranking the 


Carthage field as a major field, comparison is made with a 


portion of the Texas Panhandle field, rather than the entire 
field. The 


the formulae and method are omitted. 


topic of the proration formula is mentioned, but 
The major role of the 
pinchout of permeability in the distribution of the producing 
zones of the Carthage field is not given due consideration. The 
rning the 


data conce Hugoton field of Kansas, Oklahoma and 


Texas is actually limited in large part to only the Kansas 
portion of the field. Bottom hole pressures cited for the Hugo 
ton field and Panhandle field are top hole shut-in pressures 
The author has a tendency to utilize the ratio between re 


erves and current withdrawals or contract withdrawals to 


illustrate life expectancy of reserves, ignoring the physical 


ability of wells to produce and the effects of proration. 


The chapter on “Price” starts out well with a summation 
of factors influencing wellhead and city-gate prices, but the 
statistical data is limited to the period prior to 1948 whereas 
the major price changes and impact of the factors listed have 
1947 


“Demand 


occurred since There are a number of useful tables in 


the chapters on “Transportation, “Production” 


and “Finance however, these items are outnumbered by 


charts and statistics of passing importance. The chapter on 
“Gas Storage” and “Synthetic Fuels” are interesting and well 


presented. Although the book is to a considerable extent a 
k ale ides« opie ¢ ompilation of previously published information 
it is none the less the fullest single presentation of the natural 


gas industry to date ~ * * 


SEE formation changes 
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On the job 24 hours a day! 
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trip time and depth. Logs 
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save when you log as you drill é 
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; 


Roney Warmer Bipot 


Pacifie Chapter 
Continued from Page 29 


source of energy. Material balance cal- 


culations have indicated that the cur- 


rent rate of water encroachment is ap- 
proximately 1450 B/D. The current op- 


erating program for the pool has been 


designed to take full advantage of this 
water drive energy, and reservoir pres- 
substantially constant 


“ure ha been 


over the three year 
Considerable work has been directed 
toward the effective 


in this reservoir and the plugging oper- 


past 
water 


control of 


tucted to date have been very 
the 


thons co 
uccessful The performance of 
wells is char terized by an initial pro- 
duction period of approximately 100,000 


bbls 


than 1.0 


of ol with an average cut of less 


per cent followed by a rela- 
tively short period during which the 
water cuts increased at a progressively 
more rapid rate until an average of 50 
per cent was reached whic reupon plugs 
were placed in the wells. In almost all 
the wells it was found that bottom water 
was responsible for the water entry and 
that subsequent to plugging operations 
the cuts dropped to a value equal to 
or below the original cut figure 
Subsequent to the initial flowing life 
production ha 


of this reservoir, the 


been obtained almost exclusively by 


intermittent gas lift through inch and 
one-half tubing. A comparison of the 
cost of producing with this method of 
artificial lift with that which would have 
had 


gas lift 


resulted if pumping equipment 
been utilized indicates that the 
operations have resulted in a saving of 
cent It should 


that these 


approximately 50 per 
he kept in mind, however 
results apply only to producing cond 
tions which have been encountered in 
this particular reservoir up to the pre 
ent time. In addition to this large sav 
ing in operating costs the gas lift sy 
advantageous from 


tem has been most 


the standpoint of flexibility in control 
ling withdrawal rates from individual 
wells and in operating the various in 


obtaining reservoir in 


believed th 


recovery will probably 


struments for 
formation. It i at higher 
ultimate be ob 
tained from the reservoir than if the 
had been no control of withdrawal rate 
as governed by engineering application 
of reservoir information 

The general discussion following the 
presentation of the paper was concerned 


primarily with the desirability and pos 
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value of 


sible « 


produced water 


onon ‘ 
into the 
proc ess has been given 
able 
dependent on economics 
as pe ts 


rect to the changing 


and costs 


Committee Chairmen 


The Council of the Pacific Pe 


Chapter met December 4 to pla: 


ties for 1950. Committee me 


chosen and 


Consulting fagineer 


some co 
study and appears to be primarily 
and th 


f 
Oo price 


troleu eon 


1 activ 


the fall 
appointments for 


meeting were 
the 


and 
Phe 


ir offices are as 


tr ips 
lated 
follows 

Hancoc k 


Secretary, [. 


Secretary-Treasurer, Ray 
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PHASE EQUILIBRIA IN HYDROCARBON -WATER SYSTEMS 


The Solubility of Ethane in Water at Pressures to 1200 Pounds Per Square Inch 


O. L. CULBERSON, THE UNIVERSITY OF TEXAS, AUSTIN, ALBERT B. HORN, ETHYL CORP., BATON ROUGE, 


LOUISIANA, AND J. J. McKETTA, JR., THE UNIVERSITY OF TEXAS, AUSTIN, MEMBER AIME 


ABSTRACT 

Since water is present in natural gas 
and petroleum reservoirs, it is of engi- 
neering value to have accurate experi- 
mental data regarding the behavior of 
water in hydro-carbon systems. Since 
experimental data of this nature are so 
scarce in literature, a program is under 
way at the University of Texas to obtain 
experimental data regarding the dis- 
tribution of water in petroleum hydro 


carbons 


This initial paper is subdivided into 


three parts 


\. The apparatus and analytical pro- 
cedure are discussed. 


The equipment has been checked 
by comparing the experimental 
data with data of literature on the 
solubility of methane in water at 
77°F and pressures to 10,000 psia. 


Experimental data are presented 
at 100, 160, 220, 280, and 340°F 
on the solubility of ethane in 
water at pressures to 1200 psia. 
As the temperature is increased 
the solubility of ethane in water 
first exhibits a minimum and then 
i maximum solubility. The range 
of applicability of Henry’s Law is 
discussed. 


INTRODUCTION 
Although considerable experimental 
data have been published on water- 
hydrocarbon systems in the hydrate re- 
gion, the information on these systems 


in the vapor-liquid and the vapor-liquid- 


References are given at end of paper 
Manuscript received at the office of the Petro 
leum Branch August 31, 1949 


Vol. 189, 1950 


liquid regions at elevated pressures is 


extremely scarce. A survey of the litera 


ture on hvdrocarbon-water systems at 
elevated pressures Was presented by 


McKetta and Katz 


tems and phases 


showing the sys 
investigated. In addi 
tion to these existing published data 
Poettman and Dean" have reported the 
water content of propane in the three 
phase region (only the propane-rich 
liquid and the vapor phases were stud 
ied) and Michels, et al.” have reported 
the solubility of methane in water at 
pressures to 6800 pounds per square 
inch at 77°F and at pressures to 1500 


psia at temperatures to 300°F 


It has been shown that the pres 


ence of water will materialhy affect the 
phase equilibrium of hydrocarbon sys- 
tems. In order to make experimental 
studies on the quantitative effect of the 
presence of water in naturally-occurring 
hydrocarbon systems, it is desirable to 
have data available on binary hydro 


carbon-water ystems 


A program underway at this lab 
oratory to le termine the phase relations 
of the hydrocarbon-water systems. Ini 
tially the investigation will be limited 
to binary systems with water as one of 
the components. Later ternary and com- 
plex systems will be investigated and 


reported 


EQUIPMENT AND 
ANALYTICAL PROCEDURE 
Apparatus 
In order to avoid a des riplion of the 
methods employed in each subsequent 


paper, a description of the apparatus 
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and the analytical procedure will be 
given here. The apparatus is shown 
schematically in Fig. 1. The numbered 
items in Fig. 1 represent the high pres- 


sure valves. 


rhe equilibrium cell is of the totally 
enclosed type, with a volume of 550 
cubic centimeters. The cell is mounted 
in an air bath which in turn is mounted 
on pillow blocks and connected to a 
rocking mechanism so that the cell and 
bath will oscillate approximately 30 de- 
grees above and below the horizontal 
at 35 oscillations per minute. 


The ain bath is heated by two re- 
sistance heaters. The first or primary 
heater is 250 watts and is controlled by 
a thermoregulator; the second heater 
is of 500-watt size and is manually con- 
trolled to aid in bringing the cell to 
equilibrium temperature. Air circula- 
tion in the bath & accomplished by 
means of a fan, the shaft of which is 
concentric to the heaters. The walls of 
the bath are insulated with 2-in. thick 
blocks of 85 per cent magnesia. Tem- 
perature observations are made with 
three calibrated thermocouples. One 
couple is sealed in a well provided with- 
in the equilibrium cell, and is used as 
the criterion of the cell being at the 
equilibrium temperature. The other two 
thermocouples are located on opposite 
sides of the cell to indicate tempera- 
ture uniformity within the air bath. The 
thermoregulator, used in conjunction 
with a relay, gives a variation in the 
temperature of the air in the bath of 
plus or minus one degree Fahrenheit. 
However, since the equilibrium cell 
weighs approximately 55 pounds, the 
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temperature sine curve which exists in oscillations are continued for a min At the same time. mercury is pumped 


the bath is so dampened by the cell mum of three hours. Some preliminary into the cell to maintain the equilibrium 


that no temperature fluctuations in the time - concentration experiments ind pressure. As soon as all of the mercury 


cell can be detected with the semi-pre- cated that less than one hour of oscil is removed from the tubing, valve (10) 


cision type potentiometer used lation is required to attain equilil s closed and valve (9). which leads 


The tubing used in the e« ment is } » ce 
— ‘ ae CEE | within the cell to the analytical train, is opened. 


18-8 stainless tubing with an outside di- hs ine teil of thens hours o 
ameter of 14 in. and an inside diam the cell is placed in a vertical posit Analytical Procedure 


eter of 3/32 in. Valves and tees are of coll is The analytical train is shown in Fig 


and the liquid portion of the 

the super-pressure type sampled and analyzed. Valves and is composed of a trap for col 
Three pressure gauges are connected (10) are opened slowly until all of th lecting the liquid water. three drying 

to the equilibrium cell to determine the mercury is removed from the tubing tubes containing magnesium perchlorate 

pressure conditions within the cell 

These gauges (Ashcroft Duragauge) 

have 12-in. dials and are of the pressure 


ranges 0-1000, 0-5000 and 0-10,000 peia. 





Only one gauge is used at one time 
depending upon the pressure within the 
equilibrium cell These gauges are cali- 
brated at intervals with a dead weight 
gauge and at no time have these gauges 
deviated from the preceding calibra 








A stainless steel bomb of 365 cubic 
centimeters capacity is used as the water 
surge and a low carbon steel bomb of 
710 cubic centimeters capacity is used 


as the hydrocarbon surge bomb. Each 




















surge bomb is equipped with a pressure 
gauge to indicate the pressure within 
the bombs. Within the system, material 





is pumped to the desired places by 
means of a converted 20-ton hydraulic 
jack of the Walker type. The fluid used 


in the pump is additive-free heavy min 











eral oil which is pumped to a mercury s1G DIAGRAM OF APPARATUS 
oil surge where the oil displaces met 
cury into the system. The mercury-oil 
surge is equipped with an electric con 


tact mechanism which causes a bell to 





ring when the mercury interface is with 





in three inches of the bottom of the 
mercury-oil surge bomb. There is no 
indication that the oil is leaking with 
the mereury from the bottom of the 


mercury-oil surge 


In making a solubility determination 
the cell is first charged with the hydro 
earbon vapor to a pressure about one 
half of that desired for the equilibrium 
pressure. Water is then pumped into 
the cell from the liquid surge until the 
pressure is approximately the equilib 
rium pressure. The liquid volume is 
then approximately one-half of the to 
tal volume of the equilibrium cell. All 
tubing leading to the cell is then 
pumped full of mercury. The heaters 


are turned on and the rocking mechan 











ism is started. After the contents of the 


cell reach the desired temperature, the ; 2 ANALYTICAL APPARATUS 
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to collect water vapor leaving the trap, 
and a receiving flask in which the dry 
hydrocarbon vapor is collected over 
mercury. A manometer and thermom- 
eter are also part of the train. 

Before the train receives the sample, 
the water trap and drying tubes are 
weighed on an analytical balance while 
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FIG. 3—SOLUBILITY OF METHANE IN WATER 
AT 77°F AT PRESSURES TO 10,000 PSIA 


they are filled with hydrocarbon vapor 
at a known temperature and pressure 
The receiving flask is filled with mer 
cury up to the three-way stopcock. The 
train is then reassembled and connected 
to the equilibrium apparatus. It may 
be added here that it was necessary 
initially to pass considerable predried 
pure hydrocarbon through the drying 
tubes until they attained a constant 
weight. This indicated that some hydro 
carbon vapor was adsorbed by the dry 
ing agent 
The sample is passed from the equ 
librium cell through valve (9) to the 
train and at the same time mercury ts 
pumped into the cell to maintain the 
equilibrium pressure. As the sample 
passes valve (9), it flashes to atmos 
pheric pressure and this pressure reduc 
tion causes most of the hydrocarbon 
vapor to flash out of solution. The 
water, saturated with hydrocarbon va 
por at this low pressure, is collected in 
the trap and the wet gas passes through 


to the drving tubes, and from there the 
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dry gas passes to the receiving flask. By 
gradually removing some mercury from 
the receiving flask, the pressure in the 
train is maintained at the predeter- 
mined near-atmospheric pressure. When 
the trap is filled (approximately 50 cc 
of the water-rich liquid) the sampling 
is stopped. The analytical train is then 
brought to the initial temperature and 
pressure conditions. 

The weight of the vapor hydrocarbon 
in the sample is that weight which 
would occupy a volume at the train 
pressure and temperature equal to that 
of the volume of the mercury displaced 
from the receiving flask less the vol- 
ume of the water-rich liquid which en- 
tered the train. The total weight of the 
hydrocarbon is the weight of the vapor 
hydrocarbon plus the weight of the hy- 
drocarbon remaining in solution in the 
water-rich liquid in the trap. This lat- 
ter weight of hydrocarbon can be cal 
culated from the solubility data of 
Winkler 


weight of the water in the sample is 


at atmospheric pressure. The 


the weight of the water in the trap 


plus the water-gain of the drying tubes. 


Accuracy 

The weighings are made on an ana 
lytical balance with perfect tares using 
weights which were calibrated against 
the National Bureau of Standards 
weights. The temperature of the mate- 
rial within the cell is determined with 
a calibrated thermocouple and no fluc- 
tuation of the temperature is indicated 
with a semi-precision potentiometer. 
The pressures are read from the cali- 
brated bourdon gauges and it is be 
lieved that the pressures are within the 
following accuracy on the individual 
gauges: Below 1000 psia, +3 psia; be- 
tween 1000 and 5000 psia, +10 psia 
and between 5000 and 10,000 psia, +20 


psia 


SOLUBILITY OF METHANE 
IN WATER AT 77°F AND 
PRESSURES TO 10,000 PSIA 
In order to check the apparatus, op 
erating procedure and analytical tech- 
nique it was decided to determine the 
solubility of methane in water at 77°F, 
since these data have been reported by 
Michels, et al.” for pressures to 6800 
psia and by Hogan’ and Frolich, et al,” 

for pressures to 2060 psia. 


~ RRA RA a 


a 








spree 


pe ales 
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The data obtained in this investiga- 
tion are shown in Table | along with 
the data of the investigators mentioned 
above. The data of Hogan are included 
in the paper of Frolic’: et al. These data 
of Table I are shown graphically in 
Fig. 3 and it 


figure that there is substantial agree- 


may be seen in this 


ment in all three investigations. The 
data of this 
those of Frolich and Michels 


indicates in his thesis that he was inter- 


investigation lie between 


Hogan 


ested in practical results and also states 
that he made no attempt to obtain pre 
cise data. Therefore little concern arises 
from the deviation of the data obtained 
in this investigation from those data of 
Hogan. Michels and his coworkers ob- 
tained their results by using a method 
which they class as a “synthetic” one. 
The liquid is brought into contact with 
the gas, shaken until equilibrium has 
been attained and calculating the amount 
of gas dissolved by noting the decrease 
in pressure. The method of calculating 
that suggested by 


the solubility was 


lable I 


Solubility of Methane in Water at 77°F 


since 


Kasarnovsky 
started at 


Krichevsky 
Michels and 


a low 


and 
his co-workers 

attained equilibrium 
solubility, added 


a higher pressure 


pressure 
calculated the more 
gas to attain again 
attained equilibrium and again calet 
lated the solubility at the new pressure 


likely 


sulting from the original set of equa 


it seems very that any error re 
tions” because of the assumptions made 


for low pressure conditions 


cumulative. Therefore it is no 
surprising that there is over 20 per cent 
Mic hels 


pared to the data of this investigation 


deviation of data when com 


It is remarkable, however, that the data 
agree as well as they do, especially at 


these concentrations 


SOLUBILITY OF ETHANE 
IN WATER 

There are no data in the literature on 

water at ele 

Winkler 


be me accu 


the solubility of ethane in 
vated pressures The data of 
are universally accepted as 
data, while at va 


rate; however, thes« 


“ore 
(25°C) 


(Moles Methane Per Mole Water) 


Pressure This Investigation 


psia Experimental Smoothed 
296 

925 0.000770 000750 
589 000825 
666 OOO9L0 
88O 
1000 
1175 
1180 
1450 
1465 
1623 
1845 
1930 
2115 
2060 
535 


OOL12 
0.00110 00123 
OOL39 
Oo140 
0.00180 OOL62 
OO163 
00175 
0.00202 OO19) 
0.00227 00198 
O02 10 
00206 
0.00231 00235 
2500 00237 
2970 00260 
O15 0.00288 00293 
$435 
4800 00337 
6342 0.00407 00380 
6800 
7935 


9680 


_ 


0.00328 00325 


0.0039] 
0.00391 0.00412 


0.00451 


O.004384 


Michels 


0.0008 
0.00090 


Pressure 


Frolich 


0.000665 


0.000887 


0.00118 


0.00148 


0.00128 


0.00192 


0.00158 


0.00187 


0.00244 


0.00210 


0.00229 


0.00269 


0.00298 
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rious temperatures, are only for atmos- 
pheric pressure. 

The work reported here consists of 
an experimental investigation of the 
water-rich liquid phase of the ethane- 
water system at 100, 160, 220, 280, and 
340°F and pressures to 1200 pounds pet 
square inch absolute (psia). Since the 
lowest temperature of this investigation 
is above the critical temperature of 
ethane and above the hydrate forming 
temperatures at these pressures, only 
two phases were present at any time 


during this investigation. 


Experimental Results 

Upon investigation of the compressi- 
bility factors for ethane, it is readily 
seen that ethane departs from ideality 
1200 


This, coupled with the fact that water 


at pressures lower than psia. 
is a highly polar compound, indicated 


that the system would depart from 
ideality and would deviate considerably 
from Henry’s law.** 

The experimental data obtained in 


this investigation are given in Table II. 


lable II 


Solubility of Ethane in Water 


Mole 


Experimental 


Per Cent 
Deviation 


Ethane x 10* 
Smoothed 


Fraction 


0.893 « 0.930 4.15 

2.04 7: 5.20 

11 ll 0.00 
21 y 4.01 

17 ¥! 1.23 

7.09 + 1.55 

Ol ‘ 0.00 

812 ; + 4.69 

0.00 

17.55 

+ 0.96 

1.05 

0.00 

698 + 7.45 
x0 + 13.1 

5 5.47 

0.00 

+7.14 

+ 1.36 

+ 25.00 

27 

0.00 

0.00 

+1.67 

0.00 

13 

36 


as 
8 


+ 1.64 
0.00 


al F 
5. 
9 
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Fig. 4 shows the effect of pre sure 
on the solubility of ethane at 100, 169, 
220, 280, and 340°F, and plotted as 
mole fraction of ethane versus total 
pressure of the system. Since ethane 
exhibits a minimum and maximum solu- 
bility in water at the temperatures and 
pressure covered by this investigation, 
it is difficult to visualize the trend of 
solubility from Fig. 4. For this reason 
these data are cross-plotted in Fig. 5 














TEMPERATURE “EC 


FIG. 5 — SOLUBILITY OF ETHANE IN WATER 
EXHIBITING MINIMUM SOLUBILITY 


FIG. 6 
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which shows the effect of temperature 
on the solubility of ethane in water 
and clearly indicates the minimum and 
maximum trends. The data for Fig. 5 
were obtained by interpolating values 
from the smoothed curves of Fig. 4 
The minimum and maximum in solu 
bility illustrated here is not uncommon; 
these phenomena have been reported in 
various systems ** and have been 
Winkler” and Kuenen”™ as 


a neutralization eflect of the opposing 


explained b 


factors of viscosity and the thermal 
expansion of the liquid. Winkler showed 
that the solubility of a gas in water is 
zero at a total pressure equal to the 
vapor pre ire ol water. 


Fig. 6 shows the solubility of ethane 
in water, plotted as volume of ethane 
per unit volume of water, both compo 
nents referred to 32°F and a pressure 
of 760 mmHg Fig. 6 demonstrates 
the range ipplicability of Henry's 
law to thi vstem. It is seen that tem 
perature has considerable effect on the 
maximum pressure to which Henry’s 
law may be pplied. The maximum 
pressure at which Henry’s law would 
apply for the various isotherms is as 
follows 100°} ,00 psia; 160°F. 600 
psia; 280°F, 600 psia; 280°F, 400 psia 
340°F, 400 psia. The relatively high 
pressure at which Henry’s law is applic 


able for 


can poss bt 


160 and 220°F isotherms 
be explained is the effect 
of the fa mentioned 


previously 
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viscosity and thermal expansion of the 
Above 220°F the 


: , 
pressure lint for the application of 


liquid maximum 
Henry's law is seen to decrease. This 
igrees in part with the data of Me 

Ketta and Katz 


of temperature in their system was not 


however, the effect 


irked as in this investigation. 


7 is a comparison of the data 
investigation with similar sys 
at 100°F*'**. The data of Frolich’ 

for the solubility of methane in 

at 77°F, and are included here 
rather than the data of Michels”, al- 
though the latter data are available at 
100° F, because only two (of Michel's) 
within the 


experimental points fell 


range of this investigation 


It is interesting to note that the solu 
bilities of the hydrocarbons tend to 
converge at a pressure of 200 psia. The 
olubility of methane-n-butane™, how- 
ever, is essentially the same as that of 
methane in water’. It is also interesting 
to note that the solubility of hydrogen 
n water is in the same order of magni- 


tude 


Although the data presented here 


ire expressed in terms of mole fraction 


ine, there is no essential difference 
een mole fraction and mole ratio 

the data determined in this investi 
sation. This is due to the fact that the 
difference between mole ratio and mole 
ction for this low solubility lies out- 


e the accuracy of the data. 


Materials 

The methane used in this investiga- 
on was donated by the Phillips Petro 
eum Co. and has a purity of 99.0 mole 
er cent minimum. No attempt was 


le to purify the methane further. 


ethane was also donated by the 
Petroleum Co. and was cetrti- 
the National Bureau of Stan- 
to have a minimum purity of 


99.99 mole per cent. 


The water used in this work was ob 
tained from the distilled water supply 
of the chemical engineering depart 
ment. This distilled water was boiled 


remove dissolved air from solution. 
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LAKEVIEW POOL, MIDWAY-SUNSET FIELD 


W. P. SIMS AND W. G. FRAILING, STANDARD OJL CO. OF CALIFORNIA, TAFT, CALIFORNIA 


ABSTRACT 

The Lakeview Pool of Kern County, 
California, was discovered in 1910 with 
the drilling of Lakeview No. 1 which 
blew out and produced an estimated 
8,250,000 bbl of oil in 544 days of un- 
controlled flow. The well has since been 
known as the Lakeview Gusher. Full 
exploitation of the pool did not take 
place until about 25 years later. A total 
of 112 producing wells were completed 
in the Lakeview sand through April 30, 
1949. As of that date, about 30 per cent 
of the total wells drilled were still pro- 
ducing, with an average pool produc- 
tion rate of approximately 2000 bbl per 
day. The cumulative oil production was 
about 41 million bbl of oil, or 55.3 per 
cent of the tank oil originally in place. 

The pool is bordered on its down- 
structure side by a body of inactive 
edgewater and water production where 
present has been principally the result 
of coning. 


Since the depletion of the greater 
portion of the gas energy by the Lake- 
view Gusher, the pool has operated un- 
der gravity drive. Relatively high angle 
dips, good permeabilities and favorable 
fluid characteristics have made gravity 
drainage particularly effective. Since 
January, 1942, the oil recovery has 
been relatively constant at about 53,000 
bbl per ft drop in fluid level. Corre- 
lations between the volume of reservoir 
space drained and the cumulative oil 
produced indicate that an ultimate re- 
covery of 63.3 per cent of the tank oil 
originally in place is attainable. 


INTRODUCTION 

The Lakeview Pool is an outstanding 
example of gravity drainage. It is one 
of many productive reservoirs of the 
Midway-Sunset Field, and is located in 
Kern County. approximately five miles 
southeast of Taft and two miles north 
of Maricopa, California. Its position rel- 


References are given at end of paper 
luscript received at the office of the 
Branch September 16, 1949. Paper 
ted at the Petroleum Branch meeting 
ngeles, October 20-21, 1949 
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ative to surrounding pools and to the 
Thirty-Five anticline is shown on Fig. 1 
The northern portion of the pool lies 
in sections 32 and 33 
South, Range 24 East, Mt. Diablo Base 
and Meridian, while the southern por 
tion lies in sections 25, 26, 35 and 36 
Range 24 West, 
San Bernardino Base and Meridian 


Township 32 


Township 12 North, 


As no two sections bear the same num 
ber, they will hereafter be referred to 
by section number alone 

The purpose of this paper is re 
view the pertormance ot the Lakeview 
Pool in an effort to evaluate the effe 
tiveness of gravity drive as a recovery 


mechanism 


REGIONAL STRATIGRAPHY 
AND STRUCTURE 
The oustanding structural feature in 
this area is the Thirty-Five anticline 
the axis of which plunges South 75 
East through the center of Section 35 
As shown on Fig. 2, the following zones 
are oil and gas bearing in the Thirty 
Five anticline area 
Pleistocene 
Jasal Tulare 
Tar Sands 
Pliocene 
San Joaquin 
Mya Sands 
lop Oil or Scalez Zone 
Etchegoin 
Kinsey Sand 
Wilhelm Zone 
Gusher Sand 
Calitroleum Sand 
Viocene 
Reef Ridge 
Lakeview Sand 
Sub-Lakeview Miocene Sands 
Monarch Sands or fractured 
shale equivalent 
Maricopa 
Webster Sand or fractured shale 
equivalent 
Fractured Shale 
Zone ( 
Obispo Sand and fractured shale 
equivalent 


Pacific Shale Zone 
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The productive interval of the Lakeview 
Pool is limited to Upper Miocene and 
Lower Pliocene deposition. In this gen 
eral area, the most prevalent type of 
accumulation results from stratigraphic 
traps or permeability pinchouts. As is 
the case of the Lakeview Pool, strati 
graphic traps resulting from angular 
unconformities are present. The struc- 
ture within the Miocene does not paral 
lel that of the Etchegoin (Pliocene), 
as the Miocene beds were folded, and 
in places faulted, and subjected to 
erosion prior to Pliocene deposition 
The Lakeview horizon consists of 
truncated sands which occur on the 
northeast flank of the Thirty-Five anti 
cline. The direction of strike is weet 
and northwesterly through sections 25 
ind 36 and continues northwesterly 
through sections 26 and 33, to the ap 
proximate center of section 32. At this 
point the strike swings to the northeast 
and the horizon re-enters section 33 
in the northwest corner. The change in 
strike in section 32 affords synclinal 
accumulation at that point. The Lake- 
view sand is truncated updip by the 
Etchegoin overlap. To the southeast, 
the sand shales out, while to the north- 
west, the productive interval appears 
to be limited by a combination of strat- 
permeability 


igraphic pinchout and 


barrier. 

Structurally, the Lakeview reservoir 
presents three areas of interest, as 
shown on Fig. 3. Area I in section 32 
is a region in which a productive Sub- 
Lakeview Miocene sand is present. It 
occurs from 10 feet to 30 feet below 
the base of the Lakeview sand and at- 
tains a maximum thickness of 25 feet in 
Well No. 21, section 32. The producing 
characteristics of the Sub-Lakeview 
Miocene sand differ radically from those 
of the Lakeview sand. Water produc- 
tion at high structural locations and 
abnormally high fluid levels indicate 
that there was no communication with 
the Lakeview sand. Wells in Area I 
penetrated this sand and produced it 
in conjunction with the Lakeview sand. 

In Area Il, the Lakeview sand is a 
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relatively continuous Miocene sand third area as a result of an in strike direction in section 32 is ac- 


body unconformably overlain by Etche ity at the top of the Lakey companied by a change in dip. The dip 


goin (Pliocene) sediments. It is over- Downstructure production varies from 7.3° along the synclinal axis 
lapped upetructure and apparently inactive edgewater in bot! in section 32 to a maximum of 31.0° in 
shales out downstructure although view and Calitroleum nds ) . section 33. An average of individual 
downstructure production is limited by east these sands feather int al dips at 250° intervals along strike is 
24 


an inactive edgewater Due to the similar pro 


In Area III, the Lakeview sand is teristics of both the cancety zy > " 
Lakeview sand fingers, t! produc DEVELOPMENT 

broken into two fingers by an inter- Phe dicec ll. Lak N 
‘ sands, for the pur pore " 0 e discovery well, akeview o. 1, 
mediate Miocene shale body. In addi . , sect 5. generally k the Lake 
have been designated a Lake ection 20, generally Known as the Lake 
tion. a productive Etchegoin sand, the view Gusher, was spudded by the Lake 


referred 


é ‘realte re 
Calitroleum, overlies the Miocene Lake- me poh ot pat Ps view Oil Company on January 1, 1909 
view sand, being separated from it by en mee" ; 7 At a depth of 1655 ft, the well was 
an intermediate Etchegoin shale. This jeg acquired by the Union Oil Company 
structural relationship is shown in Fig. Fig. 5 is a subsurface structure map through purchase of the controlling 
1. In this area all wells exposed to the contoured on the top of sevice tock of the Lakeview Oil Company. 


Lakeview sand also include the Calitro- sand. The productive limits of tt vo Drilling was then continued to 2225 
leum sand. The Calitroleum sand lenses are delineated by a li: f ro net ft where the Lakeview sand was en- 


out along the west boundary of this productive sand thickne countered.’ The well blew in on March 
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15, 1910, and flowed uncontrolled for 
1911, at 


which time it died, apparently due io 


544 days until September 9, 


bottom hole caving. It was estimated 
that at its peak blow, the Lakeview 
Gusher produced in excess of 68,000 
bbl of oil per day, and it was conserva- 
tively estimated that the total produc- 
tion approximated eight and one-quar- 
ter million barrels. At that time exist- 
ing storage and shipping facilities in 
the Midway-Maricopa area were entirely 
inadequate to handle this uncontrolled 
production. As a result, twenty sumps 
or earthen reservoirs were built, cover- 
ing an area of sixty acres and having 
a capacity of approximately seven mil- 
lion barrels. Remnants of the levees can 
be seen today, the largest of which is 


located approximately one and one-half 


T32$,R 24W,. MDB&M 





W. P. SIMS AND W. G. FRAILING 


miles from the well location. It was 
reported that the oil produced during 
the uncontrolled flow had a temperature 
of 92°F and tested 21.2° Baume grav 
ity at 60°F The gravity dropped io 
18.5° Beé after standing in open reser 
voirs for seven days and to 17.5 

after standing for one year. Based upon 
subsequent gravity determinations, it 
appears that the accuracy of the above 
gravities is questionable In addition 
to possibly two hundred and fifty thou 
sand barrels which disappeared throug! 
cracks in five of the earthen reservoirs 
the loss of approximately three and one 
half million barrels of oil is attributed 


to evaporation and Subse 


seepage 
quent to the blowout, this well was re 
drilled and deepened five times with 


out establishing satisfactory production 
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The development of the Lakeview 
Pool can be broken into three periods. 
The first, from the discovery of Lake- 
view No. 1 in March, 1910, through 
December, 1934, saw the drilling of 
seven additional wells. Four of these 
wells were grouped in sections 33 and 
26 while the remaining three were in 
the immediate vicinity of the discovery 
well. During the intervening years, it 
was thought that these two groups were 
producing from separate horizons,” The 
productive characteristics of these seven 
wells were sufficiently dissimilar to 
those of the discovery well that it was 
not realized the wells were all produc- 
ing from the same reservoir. After ces- 
sation of the gusher, none of the wells 
completed exclusively in the Lakeview 


sand were capable of flowing. The sec- 
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ond period was initiated in January, 
1935, by the drilling of the rediscovery 
well, Hallmark 1-A, section 25. A pe 
riod of intensive development continued 
through December, 1940, during which 
time nearly all the existing wells were 
drilled. During the third period, from 
January, 1941, to the present date, five 
additional wells were drilled in an 
attempt to more accurately establish 
the downstructure limits of production. 
Chis unusual development history is 
graphically depicted in Fig. 6. In all 
121 wells were drilled to the Lakeview 
sand by April 30, 1949, and, of these, 


112 were productive. 
Operators involved in the develop- 


ment of the Lakeview Pool were the 


Alford Oil Co., General Petroleum 
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Corp., Hallmark Oil Co., Lakeview Oil drilled with cable tools. A number of 


Co., Maricopa 36 Oil Co., Merritt-An the Lakeview wells were originally shal- 
nex Oil Co., Petroleum Drilling and 


Exploration Co., Richfield Oil Corp., 
Sage Oil Co., Standard Oil Co. of Cal 
ifornia, The Sunset Monarch Oil Co., 


lower zone wells, which were deepened 
to the Lakeview sands. 

It has been the recent practice of 
some companies to drill to the top of 


The ors 2 0 he rac ( ‘ 
The Interstate Oil Corp., The Pacifi the sand, where the water string was 


Oil Co., The Texas Co The United 


cemented and a water shut-off obtained. 
Oil Co., and Union Oil Co. of Califor 


4 reduced hole was then drilled 
through the Lakeview zone, the hole 


DRILLING AND underreamed and a slotted liner hung. 
COMPLETION PRACTICES Other companies favored drilling to 


The long development period and total depth before cementing the water 


nia. 


the many different companies involved string. After obtaining a water shut- 
in developing the Lakeview Pool have off, the cement was drilled out, the hole 
resulted in a wide variation in drilling underreamed and a slotted liner hung. 


practices and completion methods. Most The time required to drill Lakeview 


of the wells in the pool were drilled wells has varied from 7 to 91 days. 


with rotary equipment, but a few were Water string sizes vary somewhat but 
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are predominantly 85% in. casing. Lin- this pool, have a more pronounced Although the sand grains vary in 


ers range in size from about 454 in. to bearing on production. These factors size from very fine to very coarse, me- 
7 in. and perforations vary from 60 include the number of producing days dium to coarse grains predominate. 
mesh to 250 mesh. per month, the downdip rate of gravity Screen analyses of several core samples 
The majority of the wells were drilled drainage, size and efficiency of produc show a varation from 0.0190 in. to 
with water base mud, though some of ing equipment, degree of sand trouble 0.0355 in, at the ten percentile cumu 
the more recent completions have been and extent of sand penetration lative point on the screen analysis curve. 
with oil or oil base mud. Core analysis information on the 
Lakeview sand is meager. Obtaining 


SAND CHARACTERISTICS 
WELL SPACING The Lakeview sands vary consider 


The well spacing in the Lakeview ably in their characteristics both ver the inability to satisfactorily measure 


core data which is representative is dif- 
ficult due to poor core recovery and to 


Pool is extremely irregular, varying tically and laterally over the extent of the characteristics of some of the fri 
from about one to seven acres per well. the field. Core descriptions indicate able, unconsolidated samples. Though 
Within this density range there appears that the producing medium varies fron few in number, the samples analyzed 
to be no correlation between well spac- compact, poorly sorted, tight, silty ippear to cover the range of sand char- 
il sand to loose, fri icteristics encountered, 


ing and cumulative production, even poorly satura 
for wells at comparable structural ele- able, well sorted, permeable, well sat Table I is a recapitulation of the 


vations. It is probable that the effect of urated oil sand, with the latter pre ivailable core data. Included are anal 


variable well spacing is obscured by dominating. The presence of streaks o ses on four laboratory compacted sam 


the influence of other factors which, in kaolin and limestone is common ples which gave data that appear rea 
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sonable. These data were included on 
the basis that a considerable portion of 
the Lakeview sand is loose and uncon 
solidated. Incorporation of these analy 
ses on laboratory compacted samples is 
a conservative measure since it results 
in larger estimates of the tank oil origi- 
nally in place and smaller estimates 
of recovery percentages. 

Tests on 11 samples indicated that 
permeabilities to formation water are 
about 80 per cent as large as air perme- 
abilities, while permeabilities to fresh 
about 46 
great as air permeabilities 


FLUID CHARACTERISTICS 


The oil obtained from the Lakeview 


water are only per cent as 


Pool is a naphthenic type crude aver 
22.5° API Both 


initial pool pressures and original sat 


aging about gravity. 


uration conditions in the pool are un- 


known. Therefore, it has been assumed 
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that initially the pool was saturated sures can be approximated in this man Using these assumptions and for an 
and had no free gas cap. It has also ner. Neither subsurface nor recom average pool depth of 2875 ft the initial 
been assumed that the initial pressure bined samples of Lakeview hydrocarbon pressure would be about 1300 psia, the 
was equal to a hydrostatic column of have been analyzed, so it is necessary initial solution gas-oil ratio about 200 
salt water equal in height to the aver- to rely upon generalized pressure-vol cu ft per bbl and the initial formation 
age depth of the pool. In most Califor- ume-temperature data for estimates of volume factor about 1.106 bbl of reser- 
nia oil fields, original reservoir pres fluid behavior at reservoir conditions. voir space per harvel of tank ofl™’ 


Table I— Lakeview Sand Characteristics TANK OIL IN PLACE 


Porosity, Per Cent of Bulk Volum In view of the inactivity of the edge- 

No. of Samples water, it has been assumed that the net 

No. of Samples Porosity Range, Per Cent Laboratory Compacted productive reservoir volume in 1935 was 
40.0 to 41.6 identical to the productive volume at 

35.0 to 39.9 the time of the pool's discovery. The 

30.0 to 34.9 reservoir volume was determined by 

25.0 to 29.9 the volumetric-porosity methed from an 

24.0 to 24.9 isopachous map contoured on 10 ft sand 

Total 32 Average 33.1 Per Cent thickness. A similar isopachous map 
Air Permeability, Millidar: contoured on 50 ft sand thickness is 

shown on Fig. 7. The sand count was 

No. of Samples 


based upon a consideration of core data 
No. of Samples Permeability Range, md Laboratory Compacted 


and electric logs. Of the 121 wells 
3 10,000 to 10,500 : which penetrated the Lakeview sand, 

5,000 to 9,999 85 were wholly or partially cored, while 

12 1,000 to 4,999 92 have electric logs. A typical electric 

5 195to 999 log of the Lakeview zone is shown on 

otal 24 Average 3655 md Total 4 Fig. 8. The sand pinchouts upstructure 
Capillary Pressure Interstitial Water Saturation, Per Cent of Porosity and along strike were determined from 
Interstitial Water corresponding to Permeability of 3655 md equals 23.5 per cent cross-sectional analysis by assuming 
that the sand continued to thin uni 
formly beyond points of control. The 
lower limits of production were estab- 


lished by determining the oil-water con- 
Resistivity Log -Ohms M?M Porosity Log ~ Millivolts tact on the basis of sands which were 
01 50. -20 -40 -60 -80 -1 wet at the time of drilling. 





b444 


rhe net productive sand volume was 
calculated to be 41,798 acre-ft. The pro 





tae 


ductive sand encompasses an area of 





588 acres and has an average thickness 





t+ee 


of 71 ft. Fig. 9 shows the approximate 





+ 


structural distribution of the net pro 


++ 


ductive sand volume as determined by 
superimposing the isopachous map up- 
on the structure map and computing the 
sand volume between structure con 
tours 

The tank oil originally in place was 
calculated to be 74,240,276 bbl, using 
the core data of Table I and a forma 
tion volume factor of 1.106 bbl of reser 


voir space per barrel of tank oil 


234’-7" Perf. 195° 60M. 


RESERVOIR PERFORMANCE 

The production history of the pool 

Drm I a a Reesaies mon ae MN SR is shown graphically in Fig. 6 and 10. 

D. 3155 As of April 30, 1949, the average pool 


production rate was about 2000 B/D. 


—4| 3154 


FIG. 8 — TYPICAL ELECTRIC WELL AND COMPLETION METHOD 
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At that time a total of 33 wells were 
still producing. 

It is significant to point out that 
about 20 per cent of the cumulative oil 
production was estimated. However, it 
is believed that the estimates were con- 
servative. The estimates were made 
principally on oil produced during the 
interval of 1910 to 1917, and about 90 
per cent of the estimate was for oil 
presumably produced by the “Lake- 
view Gusher”. For those wells where 
Sub-Lakeview Miocene or Gusher pro- 
duction was commingled with Lake 
view production, a reasonable amount 
was deducted in an effort to obtain 
only Lakeview production. 

Accurate water production statistics 
are not available for certain relatively 
small properties within the pool. How 
ever, the water produc tion accumulated 
for those properties on which it was 
reported has been used in determining 
the water cut shown on Fig. 10. Accu 
rate gas production data are not avail 
able for the pool and have, therefore, 


not been included. 


In the Lakeview Pool, it has been the 
practice to utilize static fluid level data, 
in place of bottom hole pressures as a 
basis for studying reservoir behavior. 
Depth pressure data are so meager, con 
sisting of only nine surveys taken dur- 
ing 1937, as to be inadequate for pur 
poses of reservoir analysis. Fluid level 
determinations suggest that the fluid 
surface is not level, but tends to slope 
downdip with the structure. Because 
sufficient data are not available for the 
preparation of iso-fluid level maps, 
arithmetically averaged fluid levels have 
been used. The excellent agreement be- 
tween these averaged fluid levels and 
fluid levels determined from well per 
formance is shown on Fig. 11. Curve A 
represents the average of actual fluid 
level measurements while Curve B des 
ignates time-depth depletion fluid levels. 
The latter was determined by plotting 
the subsea depth of the bottom of the 
well, providing it is not deeper than 
the base of the sand, versus the date 
that the well ceased to produce from 


lack of fluid 


The principal production problem 


experienced in Lakeview zone wells has 


been sand trouble. Prior to 1936, most 
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wells were completed with liners having 
wide slots generally ranging from 120 
to 250 mesh. Excessive sand difficulties 
which necessitated frequent bailing 
perforation cleaning and equipment re 
pair and replac ement resulted from 
these completions. The extent of th 


sand difficulties prompted some of the 


operators to conduct experiments on the 


bridging characteristics of the sands 
which in turn resulted in a trend to 
wards gravel packed liners of the cir 
culated type and towards conventional 
igh the 


liners with 60 mesh slots. Altho 


effects of these changes completion 


SUBSEA 


FEET 


tec hnique have not been studied in de- 
tail, it appears that they have been in- 
strumental in practically eliminating 
sand trouble. 

The Lakeview Pool is apparently bor 
dered on its downstructure side by a 
comparatively inactive edgewater. How- 
ever, as shown on Fig. 12, there are 
three general areas in the pool that 
have produc ed apprec iable quantities of 
water. Areas | and 2 are regions in 
which edgewater has been coned into 
wells. These areas generally exist along 
competitive property lines. In Area 1, 


the first significant appearance of water 


OIL WATER CONTACT 
~2535 FT) 
25 30 35 40 45 
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occurred in 1940 during a period of 
relatively high production which fol- 
lowed the completion of the majority of 
the wells. An inspection of fluid levels 
disclosed that the wells affected by 
water were surrounded by a pressure 
sink, which probably encouraged the 
movement of water into that region 
During a period of reduced production 
in 1941, the water produced in this 
area declined noticeably. Concurrent 
with the increase in production during 
1942, water again entered the area. 
Generally since about 1944, decreased 
gross production rates have resulted in 
gradually diminishing water cuts. Area 


2 is characterized by 


initially clean 
wells which, after a period of approxi- 
mately three months of intensive pro 
duction, showed rapidly increasing 
water cuts. After 1937, following a de- 
cline in production rates, water receded 
from the area, only to reappear again 
during the period of heavy production 
which began in 1942. The water be- 
havior thereafter has responded simi- 
larly to that in Area 1. Area 3 is a 
region which apparently has been in- 
vaded by water from other zones. A re- 
view of the mechanical conditions of 
wells which penetrated the Lakeview 
sand high on the structure suggests 
that any of several wells could have in- 
troduced foreign water into the Lake- 
unplugged _ side- 


view sand through 


tracked casing or from incompletely 
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plugged sands. In addition, it appears 
that the low pressure Lakeview zone 
was readily susceptible to an invasion 
of foreign water. The belief that these 
structurally high wells were affected 
by a foreign water is further substan 
tiated by the fact that wells highest 
on the structure produced water before 
the lower structure wells. Analyses of 
water produced by wells in Area 3 
shows that water from the h gher struc 
ture wells contained slightly smalles 
concentrations of salt than those fur 


Water 


from these downstructure wells in Area 


ther downstructure produced 


3 was similar Lakeview edgewater. It 


is conceivable, however, tor a toreign 
water, in percolating through the Lake 
view sand, to dissolve small quantities 
of salts so as to become similar to 
Lakeview ter. The invasion in this 
area has not been serious since total 
water production seldom exceeded 200 


bbl per day 


oil production was obstructed by this 


There is no evidence that 


invasion. The ingression of alien water 
has been curbed to the point where it 
is now negligible 

Reservoir characteristics which are 
highly favorable to gravity drainage 
make this pool particularly susceptible 
to effective gravity drive. The absence 
of active water drive and the depletion 
of gas by the Lakeview Gusher” made 


gravity drive the dominant reservoi 


agent 
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LAKEVIEW POOL 


PETROLEUM TRANSACTIONS, AIME 


T.P. 2779 


rhe production decline characteris- 
tics of individual wells are dependent 
upon their structural location. Wells 
high on the structure exhibit rapid de 
clines in production rate until they go 
dry. Wells lower on the structure pro- 
duce for a substantial period of time 
at a relatively constant rate before their 
production declines rapidly due to the 
recession of the fluid level downstruc 


ture past the wells. 


\ comparison between the daily 


average production rate and fluid 
level decline represented by Fig. 10 
shows that the decline in fluid level 
is intimately dependent upon the 
withdrawal rate. This relationship be 
tween withdrawals and fluid level is 
more strikingly illustrated on Fig. 13, 
which shows the fluid level versus the 
cumulative oil production. The straight 
line relationship between the fluid level 
ind the cumulative oil production from 
January, 1942, to January, 1949, indi- 
cates that during that period the oil 
recovery has been essentially constant 
at about 53,000 bbl for each foot drop 
in fluid level. Such a relationship pro- 
vides a simple means of estimating re- 
erves, provided the lowest depth of 
lrainage can be accurately determined. 
This method does not allow for thin 
ning of the sands as the oil-water con 


tact is approached. 


The “Lakeview Gusher” was prob 


ably accompanied by an unstable local- 


ized reduction in pressure, which re- 
sulted in a release of the bulk of the 
original solution gas in the region af- 
fected. Following cessation of the 
‘Gusher’s” uncontrolled flow, a period 
of establishing equilibrium took place. 
During this period a low pressure free 
gas cap of small areal extent was ap- 
parently created. This was evidenced 
by later drilling. The establishment of 
equilibrium resulted from a movement 
of oil into the drained region and an 
equalization of pressures throughout the 
reservoir. The movement of fluid into 
the depleted area is substantiated by 
rising fluid levels and increased produc 
tion in Wells No. 215, section 33, and 
No. 6, section 26, from 1921 through 
1927. These data indicate the period to 
establish equilibrium was in excess of 
16 years. 

By relating the average fluid level at 
any particular time to the structural 


distribution of the sand volume, the 
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number of acre feet drained at that time . , . , _ 2 ae gael, 
] | 


may be approximated. It is recognized 
that drainage is not complete above the —+——_} : 
fluid level and that the recovery is a 
function of time, but it is assumed that 
additional economic recovery from that 
region will be negligible. An analysis 
of Fig. 14, which associates the drained 
curnulative reservoir volume with cumu t } t 
(B FLUID LEVELS 

a BASED ON TIME WELLS GO OR 

' ' + + {+++ 


IN FEET BSL 


lative production of oil, shows the ratio 


to approximate that of a straight line. 
@ MEASURED FLUIO LEVELS 


This relationship indicates that such 
+-——t 


DEPTH 


functions as formation volume factor, 
edgewater encroachment, water produc- 
tion, gas production, porosity, and inter- 
stitial water remain approximately con 
stant over the period beginning with the 
rediscovery of the pool in 1935 through 
the present date. Of particular interest 


is a straight line extension of this curve FIG. 11 — COMPARISON OF MEASURED FLUID LEVEL WITH TIME-DEPTH DEPLETION FLUID LEVEL 


ER CONING 
WATER INVASION 
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to represent a point of zero drainage. 
The first impression is that approxi- 
mately 9,000,000 bbl of oil were pro- 
duced without accompanying reservoir 
space being vacated. In the absence of 
edgewater encroachment, this apparent 
discrepancy must be related to the dif- 
ference in physical properties of the 
fluid as it existed before and after the 
period of uncontrolled flow. Lewis’ 
states that when original pressures are 


reduced, gas will come out of solution 


1200, 


BSL 


FLUID LEVEL, FEET 


AVERAGE 


2 16 20 
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and expand. Some oil will be driven 
from the pores by the free gas and par 
tial saturation conditions will be devel 
oped corresponding to the insular re 
gions in a capillary system induced by 
gravity drainage. In the insular region 
small globules of gas, separate and dis 
tinct from one another, are interspersed 
in the oil. In this stage the sand has 
no gas permeability, the gas is en 
trained in the oil and probably will 


move in the oil stream. In effect, single 
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FIG. 13 — CUMULATIVE OfL PRODUCTION VERSUS FLUID LEVEL DECLINE 
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phase flow would still exist in the sand 
and the freed gas would merely reduce 
density and impart greater elasticity to 
the remaining liquid. The foregoing 
statements appear to be particularly ap- 
plicable to the Lakeview Pool. It is be- 
lieved that after the period of uncon- 
trolled flow and during the period in 
which equilibrium was being re-estab- 
lished an accumulation of free gas in 
the insular region did oceur and as a 
result of the imparted pseudo elasticity 
of the liquid the reservoir was essen- 
tially refilled with a fluid differing radi 
cally from the original fluid. The ap- 
parent production discrepancy of 9,000, 
000 bbl of oil as shown in Fig. 14 can 
be attributed to the refilling of the res- 
ervoir due to the accumulation of in- 


sular free gas. 


An extrapolation of the curve of Fig. 
14 to the oil-water contact gives an in- 
dication of the ultimate recovery at- 
tainable. It is not inferred that this re- 
covery will be reached since neither 
the feasibility nor economies of drain- 
ing the pool to the oil-water contact 
have been investigated. 

lable Il gives a resumé of estimated 
vil originally in place, recoveries as of 
May 1, 1949, and estimated ultimate 
recoveries assuming that the pool is 
drained down to the oil-watyr contact 


Table Il 


lank oil originally in place, 


Oil Recovery 
barrels 74,240,276 
Barrels per acre foot orig- 

inally in place 1,776 
lank oil produced to May 1, 

1949, barrels 41,082,498 
Barrels per acre-ft produced 

to May 1, 1949 
Per cent recovery as of 

May 1, 1949 55.3 
Estimated ultimate oil recov- 

ery, barrels 47,000,000 
Estimated ultimate recovery 

in barrels per acre ft 1,124 


Per cent ultimate recovery 63.3 


CONCLUSIONS 
The performance of the Lakeview 
Pool demonstrates the effectiveness of 
gravity drainage as a reservoir mech- 
anism. In the absence of active edge 
water and/or appreciable gas drive 


gravity is the principal reservoir con 
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trol. The pronounced dip and the fa- 
vorable sand and fluid characteristics 
make gravity drive particularly effec- 
tive. The recovery to date has been 
about 55.3 per cent of the tank oil orig- 
inally in place, and it is estimated that 
an ultimate recovery of 63.3 per cent 
is attainable. 


The greater portion of the pool's 
water production has been due to con 
ing the inactive edgewater into lew 
structure wells located along competi 


tive property lines. 
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DISCUSSION 
By C. F. Gates, General Petrol 


Corp., Los Angeles, Cali} 


Sims and Frailing are to be com- 
mended for analyzing and summarizing 
the history of a pool which amply dem 
onstrates how important gravity drain 
age can be as a recovery mechanism 
under favorable conditions. This pool is 
unique in having first a period of pro 
duction in which the depletion mechan 
ism dominated the recovery and then 
another distinct period in which recoy 
ery was almost exclusively by gravity 
drainage. Fluid level data shortly after 
the beginning of the second period of 
development, January, 1936, indicated 
an average pressure of about 185 psi 
or 14 per cent of the estimated initial 
pressure of 1300 psi. In order to vis 
ualize these relative values, one needs 
to examine Fig. 13 keeping in mind that 
the initial pressure was the equivalent 
of a fluid level about 1200 ft above sea 
level. Recovery to January, 1936, was 
12.5 million bbl, or 17 per cent of the 
Assuming 


form withdrawals 


original oil in place several 
wells and more uni 
recovery by the depletion mechanism 
alone would probably have been about 
20 per cent compared with 63 per cent 
estimated total for both depletion and 
gravity drainage 


1 


It is of some interest t& speculate 


about what the recovery might have 


been if no blowout had occurred and 
all produced gas had been returned to 
the top of the structure permitting grav 


ity drainage to take place 


pressure. Under present 
about 37 per cent of 
place will remain in 

the remaining oil saturat 
same at high pressure 
sure, then additional oil 
ered because of the 

tion volume factor 

As an upper limi 


the residual oil woul 
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this means. The total recovery would 
then be more than 63.3 per cent, but 
less than 67 per cent of the original 
oil in place. 


DISCUSSION 
Voy er 


By Vaughn S 


The Lakeview pool, in its latter pro- 
duction history, at least, is as fine an 
example of gravity drainage perform- 
ance as can be found in California. For- 
tunately for the reservoir engineer, the 
drive appears to be uncomplicated by 
water or internal energy forces, permit- 
ting some more or less unencumbered 
calculations to be made for gravity 
drainage. Since a great many California 
pools react unpredictably — insofar as 
theoretical behavior is concerned—such 
calculations should enhance the knowl- 
edge of gravity drainage considerably. 
It is true, of course, that an isolated 
case such as this cannot of itself be 
come the gauge whereby all gravity be- 
havior is judged, but nevertheless it 
can serve as a guide to the trend to be 
expected 

Perhaps the authors have made such 
calculations. If so, a few words from 
them on the subject would be well 
worthwhile. It would be interesting to 
know if the observed gravity drainage 
deviates materially from the calculable 
values, and if so, in which direction 
lesser or greater? 


Voyer 


futhor’s Reply to Vaughn S 


The successful application of theoret 
ical gravity drainage equations to the 
Lakeview Pool is unfortunately hin 
dered by the meager data available con- 
cerning sand and fluid characteristics. 
However, using the range of data that 
may be applicable, Darcy’s equation 
for maximum downdip flow of oil” 
gives oil rates for 1938 in the order 
of 14,000 to 18,000 B/D. When this is 
compared to peak production 
about 18,000 B,D in 1938, it appears 


that good agreement is indicated. Simi- 


rates ol 


lar calculations for 1949 indicate maxi 
movement in the 
7,000 to 9.000 B/D. When 


compared with the present oil produc 


mum downdip oil 


range of 


tion rate of about 2,000 B/D, this may 


indicate that sufficient wells are not 


ivailable to produce the pool to the 
maximum rate. Other factors that could 
contribute to this reduced rate include 
incomplete sand penetration and re- 


duced effective oil permeability. * * * 
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SOME PRELIMINARY INVESTIGATIONS OF QUANTITATIVE 
INTERPRETATIONS OF RADIOACTIVITY LOGS 


ROBERT E. BUSH, LANE-WELLS CO., HOUSTON, TEXAS, AND E. S. MARDOCK, MEMBER AIME, 


ABSTRACT 


The objective of this paper is to pre- 
sent practical methods of applying ra- 
dioactivity logs to problems of interest 
both to those engaged in evaluating fun- 
damental reservoir data as well as to 
those engaged in subsurface structural 
work. The basic theories underlying the 
operation of radioactivity logging meth- 
ods are briefly discussed along with 
some of the problems arising in the in- 
terpretation of the log. Relative methods 
of quantitative interpretation are de- 
scribed, with a discussion of relative 
reference lines and specific examples 
are given showing the application of 
these relative quantitative interpretation 
methods. To show the variation of the 
methods described, specimen wells 
penetrating formations widely divergent 
in point of geologic age were selected 
to demonstrate the application. A rela- 
tive reference line is determined for the 
Neutron Curve and by comparison to 
known petrophysical data such as 
porosities from diamond cores, a direct 
quantitative relationship is developed. 
Che application of this relative calibra- 
tion curve to logs of unknown wells will 
permit a reasonably accurate determina- 
tion of porosity in limestone and dolo- 
mite formations. Specific examples are 
given showing the application of these 
relative methods of interpretation to 
logs of the Smackover limestone in 
Louisiana, the Edwards limestone and 
dolomites of South Texas, and Permian 
dolomites of West Texas. 


teferences are given at end of paper 
Manuscript received at the office of the Pe- 
oleum Branch October 4, 1949. Paper presented 
t the Petroleum Branch meeting in San An- 
tonio, October 5-7, 1949, and at the Petroleum 
Branch meeting in Los Angeles, October 20-21, 
1949 
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WELL SURVEYS 


INTRODUCTION 


Radioactivity logs have been used 
extensively by the petroleum industry 
for a numbet years and recognition 
of their value has grown steadily, not 
only as tools to aid in the solution of 
specific stratigraphic problems, but also 
as potential sources of the basic data 
necessary tor the estimation of net pay 
and reserves. The value of radioactivity 
logs for stratigraphic work has been 
pointed out in the literature,’***" and 
now has long been recognized by the 
industry, but the quantitative applica 


tion of the logs has advanced but little 
beyond the stage of a strong conviction 
that radioactivity logging curves will 
some day prov de the information on 
such important quantities as the poros 
ity and the liquid saturation of the 


formations 


During the past few years the staffs 
of the Lane-Wells Company and Well 
Surveys, Incorporated, have devoted a 
great deal of time, thought, and experi 
mentation to the relationships existing 
between radioactivity curves and the 


lithologic conditions encountered, and 
this paper is, in a manner of speaking, 
intended as a progress report of this 
work and includes suggestions which 
the authors have found useful in the 


interpretation of radioactivity logs 


The section on theory is not intended 
as a complete exposition of the physical 
processes involved, but rather as a brief 
introduction to the reader of these proc 
esses so that he may acquire a better 
understanding of the behavior of the 
radioactivity curves under the varied 
conditions encountered in normal well 


logging 
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lhree relative methods for using neu- 
tron logs for the quantitative estima- 
tion of porosity in limestone or dolo- 
mite are presented. These methods are 
based on the comparison of logs and 
porosity data from wells in Louisiana, 
South Texas, West Texas, and New 
Mexico. 


hese areas were selected because 
not only were there more core data 
available from these areas but also the 
majority of these data were from lime- 
stone or dolomitic zones. The correla- 
tion between core data and logs is 
simpler for limestones and dolomites 
than it is for sandstones due to the fact 
that sandstones are more complex than 
differ 


among themselves as to composition 


limestones and more widely 
of cementing materials, siltiness, etc. 
When data applicable to the various 
types of sandstones are available, the 
authors hope to present a discussion 
similar to this paper covering sand 
stones or possibly a more general dis 
cussion covering all types of reservoir 


rocks, 


The relative methods for estimating 
porosity which are presented in this 
paper fall short of the absolute method 


sought. However, these methods pos- 
sess the advantage that they can be 
applied to almost any neutron log as 
long as the range of application is held 
within the limits imposed by the local 
lithologic conditions which prevailed 
during calibration, i.e., these methods 


are for short range application only. 


THE THEORETICAL BASIS 
FOR RADIOACTIVITY 
LOGGING 

The two radioactivity logging curves 
commercially available today are the 
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Gamma Ray Curve and the Neutron 
Each 


essentially of relative measurements of 


Curve. of these curves consists 
primary and/or secondary gamma ray 


intensities recorded as functions of 


depth 


The Gamma Ray Curve is obtained 
by lowering into the well a detector of 
gamma rays (Fig. 1-B) which is con 
nected to surface recording equipment 
and the intensity of the gamma rays 
emitted naturally by the rock strata are 
recorded beside the proper depth mark 
raised 


er, while the chamber is being 


to the surface 


The neutron survey is obtained with 


a short ionization chamber, to which 
there is attached a capsule containing a 
which serves 


(Fig. 1-A) 


The ionization chamber of this instru 


radium-beryllium mixture 


as the source of neutrons 


ment is affected by the gamma radiation 
resulting from the bombardment of the 
formation by neutrons and by the pri 
mary gamma radiation from the sources 
formation 


which is scattered by the 


whereby some of it is directed toward 


the ionization chamber. The natural 


radiation from the formations also af- 
fects the chamber, but the intensity of 
this radiation is very small compared 
to that of the gamma radiation from the 
other causes enumerated above 
Response of Curves to 
Various Conditions 


Fig. 2 is a chart showing the response 
of the radicactivity logging curves for 


different lithologic conditions, and Fig 


} shows the effect of hole size and cas 
ing.” * These charts will not be dis 


cussed at this time but they will be 
discussed later in the text in connection 
physical 


with the description ef the 


processes involved 


The Natural Gamma Ray Curve 


The response of the natural gamma 
ray curve is clearly explained on the 
relatively simple basis that some rocks 
radiate more gamma rays than others 
and Russell’ has shown that there is a 
strong correlation between a rock classi 
intensity of the gamma 


by the 


heation and the 


radiation emitted members of 


the class (Fig. 4) 


The Neutron Curve 


The mechanism of response of the 


Neutron Curve is more complex than 
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that of the Gamma Ray Curve, however 
and in order to understand its behavior 
it will be necessary to discuss some of 


the basic factors affecting its operatior 


Components of the 
Neutron Curve 


The total gamma radiation reaching 


the ionization chamber of the neutror 
logging instrument while it is making 
a log has three main sources of origi 
ais follows 

I (total gamma radiatior 


Where 


I, is the intensity of the gamma rays 
induced by the action of neutrons upon 
the formation 

1, is the 


intensil scattered 


radiation, i.« the radiation 


worst 
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emitted by the 
which has been 


scattered by the formation 


which was originally 


source capsule and 
I, is the intensity of the gamma ra 
diation emitted by the formation rocks 


themselves 


The Neutron Induced Gamma 
Radiation Component (1,) 
The intensity of the 


gamma rays 


reaching a cavity in the rock from a 
pomt source distance r away would be 


MT 
SOCe 
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S is the source strength, a constant, 


characteristic for example. of the alpha 


RECORDER 


—' 
‘OH |! 
7 b 


“PAPER ORIVE - 
TRANSMISSION 


Ss 


Site 
\ 


> 


a a SS 


XSTUIIIES 








= 


peecrecerteotrfctterrrrreres 


OF WEUTRON LOGGING EQUIPMENT 
EQUIPMENT 


RADIOACTIVITY LOGGING EQUIPMENT 


PETROLEUM TRANSACTIONS, AIME 


Vol. 189, 1950 





rayer used with the beryllium in the 
source capsule 

Q is a factor due to the neutron spec 
trum of the source flux. Q is a quantity 
which increases as the energy of the 
most populous group of neutrons in the 
source flux becomes larger. Q is con- 
stant for a given source. 

C is a quantity which corresponds to 
the average effectiveness with which the 
elements present in the rock convert the 
neutron flux into a gamma ray flux. It 
varies with the chemical composition 
of the rocks, and it is larger for dry 
rocks than for wet ones (because, for 
example, gamma rays resulting from 
neutron capture are more energetic for 
most of the earth elements than they 


are for hydrogen ) 
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full ab 


sorption coefficient for the neutron flux 


“, is the value to which the 
converges as more rock is penetrated » 
is critically influenced by the hydrogen 
content of the formation; #, Increases 
with the concentration of hydrogen 

distance rock 


r is the through the 


from the source to the cavity 


The above reasoning also applies to 
a geometry which includes a well bore 
filled with oil or water whose diameter 
is small compared to the spacing be 
tween the source and ionization cham 
ber. For closer 
and therefore more complex, treatment 


will be 


scope of this paper 


spacing a more exact 


and this is outside the 


required 


source, 5 and Q are con 


affect the 


For a given 
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character of the well log except that if 
these constants are too small, the log 
will contain very high statistical fluctu 
All of the neutron sources used 
in logging comply very closely with 
standards which maintain the S and Q 
factors so that there are only very small 


ations. 


deviations from one source to another. 

The variable C affects the character 
of the log in that its main influence is 
exerted when the chemical composition 
of the rock changes. Sandstone and 
limestone, for example, have different 
C values. 

The variable «, is a determinative 
quantity affecting the I, component of 
the Neutron Curve; and therefore since 
this is the most important component, 
it can be said that with only a few ex- 
ceptions «, is determinative for the 
Neutron Curve. 


The effects due to the influence of 
hydrogen on C and #, cooperate to de- 
crease the intensity of radiation for in- 
creasing hydrogen concentration; and 
it is for this reason that the neutron 
curve is a commercial means of study- 
ing the hydrogen content in the forma 
tions. This also explains the low re 
sponse of the Neutron Curve opposite 
liquid filled porous zones, as shown in 
Fig. 2. 

Fig. 5 shows how I, varies with poros- 
ity in limestone in an exponential man- 
ner. 

On the other hand the 


activity observed with anhydrite (Fig 


increase in 


2) is mainly due to its larger C factor, 
although «, is small due to the absence 
oft water 

rhe log responds to shale in the same 
manner as to a porous zone (Fig. 2) 
because the C and wu, factors for shales 
are similar to those in porous zones, 
due to the high concentration of water, 
the presence of which is rendered less 
obvious by the fact that it is held in a 
loose state of chemical combination. 


The Scattered Gamma 
Ray Component (1.) 


If the same geometry as above is con- 
sidered but with a gamma ray source 
substituted for the neutron source, the 
intensity of the gamma radiation acting 
on the absorbing material in the rock 


cavity would be: 


Pe 
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Where: 


P is a source constant which deter- 


mines the source strength 


#, is the average coefficient of absorp- 
tion of the rock formation for the gam- 
ma rays emitted from the source. Since 
#, is a function of density, it might be 
expected that the I, component would 
com- 


this 


vary inversely with density. The I 


ponent actually does behave in 
manner but this density effect is greatly 
overshadowed by the effect of borehole 
diameter. 

Fig. 6 shows that the |, component 
is directly proportional to the borehole 
diameter, although there is also an in- 
fluence due to other factors, mainly the 
rock density. 

This preponderance of the borehole 
diameter effect can be best understood 
by recalling that all of these scattered 
gamma rays have undergone losses of 
energy through the scattering process, 
so that only the photons which were 
scattered quite ¢ lose to the well face are 
able to penetrate the rock and reach 
the ionization chamber. Hence, the rela 
effect of density. On the 


other hand, as the well face moves away 


tively small 


from the instrument as it does when 
an enlarged section of bgre-hole is tra 
versed, a larger solid angle of the radi- 
ation from the source is subtended by 
the well face which becomes more thor 
oughly illuminated by the gamma rays 
some of which are backwards scattered. 
The ionization chamber can then “see” 


The I 


component is therefore influenced prin 


more of the scattered radiation. 


‘ ipally by bore hole diameter changes 


and is responsible for the shift in 


borehole diameter 


is also affected 


the curve opposite 


3-A). I 


by casings and it is largely 


changes (Fig 
strongly 
responsible for the shifts observed oOppo- 
site casing seats in Fig. 3, (B, C, D 
and FE) 

The | 
effected by the 
behind the 


component is not as strongly 


steel casing; however, 


the cement casing has an 
attentuating effect on the neutrons, and 
contributes to the casing shift observed 


in Fig. 3 


The Natural Gamma 
Ray Component (1,) 


While the Neutron Curve always has 


this component consisting of the gamma 
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(N) ALWAYS SHIFTS 
CASING STRINGS 


NEUTRON CURVE 
WITH CHANGE IN 


GAMMA RAY CURVE (G/R) May 
SHIFT WITH CHANGE IN CASING STRINGS 


RADIOACTIVITY INCREASES 
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A LESSER DEGREE EXCEPT IN “A” WHERE THE GAMMA RAY CURVE REMAINS 


UNAFFECTED BY THE CHANGE IN HOLE SIZE 
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AND NEUTRON CURVES 
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radiation emitted by the rock through ma Ray Curve. This is done by taking order to calculate the correction to be 
natural disintegration processes, it will into account the relative sensitivities of applied to the Neutron Curve we have 
usually be too small to merit considera- the two i tion chambers for gamma 8 10 a 
833” =the correction to 

tion in most reservoir rocks, ravs. For any given sensitivity scale the 16 6 

However, important exceptions to this gamma ray instrument will be found to subtract from the Neutron Curve deflec- 
rule have been noted. Certain bentonitic be sixteen times more sensitive than tion in order to correct it for the nat 
sands of South Tewnas, partilly silted the neutron instrument. For example iral gamma radiation. 
sands generally, radioactive limestone, opposite a bentonitic sand the Gamma 
Relative Importance of the 


and others elsewhere. exhibit sufficient Ray Curve indicated a high intensity of 
Three Components 


natural gamma ray activity so that the natural gan i radiation by making an 
Neutron Curve is seriously affected. 8-inch swing to the right of the normal The predominating component of the 

It is important to note that the Neu- alue for nds. The sensitivity scale Neutron Curve is I,. For most cases, 
f where the bore hole diameter is small 


tron Curve may be corrected for this ind nehes respectively for 


natural activity by means of the Gam he ' ind neutron curves. In and does not change appreciably, the 
1. component is very small and exhibits 
no large variations. The I, component 
is usually small enough to be neglected 
— = ' ; 

Hf +t - Ty] f| when the log is used in stratigraphic 
HH + ert rtt } rrr} Aen 


rt i } wrrelation work; but where a quanti- 


i R i : 4 eee eses is sometime found necessary to perform 








tTtH : i 
TY { +} ‘4 : ‘ih ‘ HAA tative application is to be attempted, it 








; 558552555 85555 0255: Hittite the operation previously outlined and 








correct the neutron curve for the influ 





ce of natural gamma radiation. 
Sampling of Radioactivity 
Logging 

In order to understand the quantita 
tive application of radioactivity curves 
the sampling process involved must be 
considered. Sampling as the term is 
used in geological investigations means 
the description of the manner in which 
a specific property of the earth is 
weighted throughout the portion of the 
earth being studied. 


Sampling of the 
Gamma Ray Curve 
Fearon’ has shown that for gamma 


ray logging within a cylindrical bore 


> 


hole, the weighing factor falls off ra 


dially as a function of the absorption 


POROSITY —> 


> 


coefhcient of the rays emitted by the 
radioelement present. 

The weight factor may be computed, 
for a stationary measure and for any 
particle in the vicinity of the detector 
by a calculation of the probability of 
radiation originating from any given 
particle arriving at the sensitive region 
of the detector. This probability is made 
up of three factors. 

|. The solid angle subtended by the 
detector, with the particle as the vertex. 

2. The average absorption factor 
which prevails for the radiation lying 


FIG. 5 — EFFECT OF POROSITY ON THE NEUTRON INDUCED RADIATION (| n the given solid angle. 
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3. The efhiciency of the detector for 
radiation coming in from the direction 
of the particle. 


The weighing factor falls off continu 
ously with distance away from the de 
tector, nowhere falling abruptly to zero 
At considerable distances, however, the 
weighing factor is so close to zero that 
the neglect of all matter beyond the 
rather thick shell will cause a negli 
gible influence on the measurement 


Fearon” has calculated the relative 
physical size of samples in gamma ray 
logging and coring and compared them 
in the table below. The two sets of 


sainples have equal lengths 


Table (8) 
Radioelement 

Wt. of 
Wt.of Log 3” Core 


Predominately 
Responsible 
Sample Sample 
370 Ibs 25 Ibs 
560 Ibs 25 lbs 


160 Ibs 25 Ibs 


for Radiation 
Radium and series 
Thorium and series 


Potassium 40 


Sampling of the Neutron Curve 


Che sampling of the Neutron Curve 
cannot be quantitatively treated as was 
the Gamma Ray Curve, because of the 
lack of information on the range of 
neutrons in the various rock substances 
However, the available data on neutron 
ranges as well as that on the absorption 
of gamma rays of the hardness of tho e 
comprising the I, component tends to 
Neutron 


as large as 


confirm the belief that the 
Curve sample is at least 


that of the Gamma Ray Curve 
In neutron logging as in gamma ray 


logging the 
from that of coring and the weighing 


sampling process differs 


factor also falls off with distance from 
the instrument 


The manner in which the weighting 
factor varies in space differs markedly 
in the two cases making it a matter of 
particular interest to consider the shape 


of the sample observed 

Fearon’ has also calculated the shape 
of the 
first making the following 


sample in neutron logging by 
definitions 

A. The weighting factor in neutron 
well logging is the rate of change in 
detecting secondary radiation (1,) in 
tensity with respect to molar density of 
representative substance at the point 
for which the weighting factor is deter 


mined 
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B. The 


the ratio of the weighting factor at an 


relative weighting facto 
given place to the value it would have 
at its minimum between source and de 
tector, on a line joining them, if the 
space between source and detector were 
filled with material of the same nature 
as the surrounding rock 

C. The sample is the quantity of mat 
ter contained in a surface on which the 
relative weighting factor is | /« 

The mathematical deve lopme nt oft 


such surfaces is quite complicated and 
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therefore only the shape of some simple 
examples will be considered 

Where both the neutron flux and the 
induced gamma ray flux have large 
penetrating power and neither is ab 
sorbed appreciably upon passing 
through the rock a distance equal to the 
space between the source and the de 
tector, the log sample inside a surface 
of relative weighting factor, is the solid 
of revolution of which a section through 
the axis of rotation has the form: 


r ta’cos 6 -2a 
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This equation is ulustrated by the inner 
curve of Fig. 7a. The case where the 
emitted radiation is more penetrating 
than that detected is shown by the inner 
curve of Fig. 7b. The outer curves rep- 
resent the pattern for a fractional 
weighting factor. The outer curve in 
Fig. 7b represents the zone sample by 
the existing commercial equipment. 

In any case, however, when it is re 
called to mind that 4, is the determining 
quantity, it will be apparent that the 
“core” sampled by the neutron log 
would be a reasonable approximation 
to a cylinder the radius of which would 
vary with «,, and therefore the radius 
would vary with the activity indicated 
by the neutron curve, i.e., the greater 
the activity encountered the greater the 
radius of the core sampled 

The log sample differs therefore, in 
samples secured 


several ways from 
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within — the vrehole In the hist 


place the core obviously samples the 


zone within tl radius of the bore 
sample s the zone out 


This difference should 


hole while the log 
side the borehole 
be kept in mind when comparing core 
data with the neutron log for those for 
mations where the hetergeneity of the 
porosity distribution is pronounced suc h 
as is the case with most of the lime 
stones and dolomites, eg.. the Ellen 
second 


burger u parti ular In the 


place, the log sample is much larger 
than the core + ample The core sample 
therefore cannot be expected to agree 


exactly with the log sample. for the 
types of formations enumer ated and it 
is highly probable that the porositic 
calculated from the log may be more 
valuable than those obtained from core 


for estimating net pay and reserve 


DETECTOR 


a 


A, AND B, REPRESENT SURFACES CORRESPONDING 
AND Bp ARE SURFACES CORRESPONDING TO FRACTIONAL 


Ae 


SOURCE 


TO WEIGHTING FACTOR OF OWE 
WEIGHTING FACTORS 


IN FIGURE A IT IS ASSUMED THAT THE EMITTED AND DETECTED RADIATIONS HAVE A 
VERY SMALL ABSORBTION IN PASSING A DISTANCE SO THROUGH THE ENVIRONMENTAL 


SUBSTANCE 


N FIGURE B THE DETECTED RADIATION 


iS APPRECIAB ABSORBEL 


FIG. 7 — THEORETICAL SHAPE OF THE NEUTRON CURVE SAMPLE 
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METHODS OF QUANTITA- 
TIVE INTERPRETATION 


Limited to Liquid 
Filled Porosities 

The methods of interpretation pre- 
-ented in this paper apply only to 
liquid filled porosities. Unfortunately, 
the influences of saturation on the Neu 
tron Curve are too complex to be dis- 
cussed in this paper. The authors hope 
to be able to treat this subject in an 


other paper, shortly 


General Discussion 


The foregoing discussion of the basic 
theories has shown that there is a physi 
il basis for the assumption that the 
Neutron Curve might be calibrated in 
terms of porosity. When this can be 
done, a powerful tool will be available 


or determining the porosity of reser 


voir rocks which will be simpler to ap 


ply to evaluation and other reservoir 
problems than similar data obtained 
from cores because of the better sam 


pling of the neutron logging process. 


Before this can be done a fairly com 
plete background of information on the 
behavior of the variables C and «, must 

e compiled. With this information to 
ether with the hole sizes, the casing 
record, and knowledge of the chemical 
nature of the lithology, it should be 
possible to determine the porosity of 
absolute 


the zone sampled by an 


nethod 


However, the information on the va 
riables C and », is not available and 
therefore we must rely on relative meth 
uls whieh really offer almost all the 
idvantages of the absolute method ex 
cept those of flexibility and a wide 
range of applicability. 

If the well completion procedures are 
the same (all wells were drilled to 
same bore diameter and have the same 
asing program) and the rock matrix 
is the same, the variables C and yu, will 
reflect only porosity changes and the 
component I, will be almost constant; 
hence the Neutron Curve will reflect 
mainly porosity changes. Therefore, if 
uch a well is cored and logged, the 
relationship between the porosity of the 
cores and the log deflections can be de- 
termined, and this relationship can then 
be applied quantitatively to neutron 
logs of the other wells in the field in 
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order to determine the porosities of 
their portion of the pay without deter- 


mining the factors C and »« 


Relative Methods of 
Quantitative Interpretation 


To determine the relationship be- 
tween the deflections of a particular 
Neutron Curve and porosity it is neces- 
sary that sufficient core data be avail- 
able in order that a wide range of poros- 
ity values will be at hand, and when 
these porosity values are compared with 
the Neutron Curve it must be kept in 
mind that there may be slight discrep- 
ancies in depth between the core log 
and the radioactivity log and the com- 
parison must be made therefore with 


the core porosity log properly corre- 
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lated as to depth with the radioactivity 
log. This is the first and one of the 
important steps in making the 
pretation. 

The second important step 
tablish the proper reference 
the Neutron Curve because 


absolute zero. 


Reference Lines 
There are three possible choices for 


Ss paper 
i sl ale 


reference lines discussed 
First there is the combinatio 
line and a dense limestone or anhy 
drite line; second, there is tl hale 
line alone; and third, there 
limestone or anhydrite line 
These three possibilities 


terpretation method a 
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application than would be possible with 
just one reference line, since a single 
standard reference line would not be 
applicable to all lithologies or to all 


types of ¢ ompletions. 


Combination of Shale and Dense 
Limestone or Anhydrite 
Reference Lines 


Where the formations are consistent 
and it is possible to log a thick shale 
and a limestone containing a dense 
zone or an anhydrite streak through the 
same number of casing strings or in 
open hole the difference between the 
Neutron Curve deflection of shale and 
that of the dense zone is considered to 
be the total neutron deflection and the 
deflections of the log are then con 


verted to percentages of this total defle: 


FIG. 8 — SMACKOVER LIMESTONE LOGS AND POROSITIES 
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tion. These percentages are then plotted 
igainst the porosities. Shale is assigned 
1 value of 100 and the dense material a 
value of zero and the intervening dis- 
tance is divided into 10 equal parts 
in order to provide a scale, This method 
will be referred to hereafter as the pet 
ent of neutron deflection method or 
the percentage method. 

This method has an important ad 
vantage over the others in that it is 
possible to compare curves run on dif 
ferent sensitivities without correcting 
for the sensitivity differences. 

However the application of this meth 
od of choosing reference lines must be 


fields 


consistent uniform shale lines and con 


limited to those which exhibit 
sistent dense zones. The hole diameter 


should be uniform and the shale there- 
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lore should be stable in the drilling 
fluid and no sloughing should occur as 
this would result in enlarged bore di 
ameters where the L, component of the 
log might be large enough to introduce 
error into the calibration curve 

The success of the method depends 
on the maintenance of the | 


level. 


as to the constancy of the bore diam 


component 


ut a very low If there is doubt 


eter through the reference zones and 
the zone to be analyzed a caliper survey 
should be run. Usually if the zones to 
ve studied all lie close to the bottom 
of the well, the diameter will be true 
to bit size and uniform and the vulue 


of the I 


small and will vary only slightly 


component therefore will be 
from 
well to well 

Either 


can be used for the other reference line 


dense limestone or anhydrite 
If an anhydrite zone is used it should 
extend throughout the field for an an 
hydrite reference line should not be 
used interchangeably with a dense lime 
factor ¢ 


anhydrite and 


because the 
differs for 


limestone and the variation in the ref 


stone relerence 


ipparently 


erence line will cause distortion of thie 
calibration curve 
Fig. 8 


method applied to three radioactivity 


shows an example of this 


logs of wells penetrating the oolitic 
Smackover limestone. The average sh ile 
line chosen is constant in all three 
wells, and is uniform throughout the 
field. It is obvious that the data derived 
from this group of logs is applicable 
only in this particular field, and only 
where the same casing program is fol 
lowed. The per cent of Neutron Curve 
deflection is plotted as the abscissa and 
the per cent porosity as the ordinate on 
semilog graph paper and the points 
scattered along a straight line as shown 
in Fig. 9 
all conform closely 
that a 


drawn through them will represent an 


Although the points do not 
will fall in 


straight line 


they 
such a fashion 
average of the neutron derived porosity 
This curve may then be applied to anv 
other well in the field which has been 
completed in a similar manner. with a 
degree of accuracy which is limited by 
the quality of the sampling process, and 
the statistical and instrumental errors 
involved. (Unfortunately time and space 
discussion of these 


do not permit a 


latter factors in this paper 
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Shale as the Reference Lins 
If a den-« Zone 

the same hole and ca 

the zone to be inv 

is present under 

shale may be used 

and the Neutron ¢ 

then measured fr 
Washing out of 

duce the same er: 

to the greater | 

with larger hole 


the case of the percent 


INTERPRETATIONS 


sential that the shal 


theretore e 


be stable and the borehole diameter 


rue to bit size 
The Neutron Curve deflections, meas 
ed from the shale line are plotted 
nst the porosities of the known well 
The neutron derived porosities for the 
be determined 
Neutron 


unknown 
it the 


known wells may ther 


lirectls comparing the 


rve deflections from the 


wells with the calibration curve 


sensitivities are the same 


If the log of the unknown well was 


in on a different sensitivity from that 
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i the known well, the deflection of the 
unknown well must be corrected to cor- 
respond to the sensitivity of the log of 
well. The 


deflection may then be compared with 


the known corrected curve 
the calibration chart and the neutron 
derived porosity determined. 
The correction for the change in sen 
sitivities may be done as follows: 
5.D, 
S 
W here 
D, is the corrected Neutron Curve de 
flection for the unknown well 
D, is the deflection from the curve of 
the unknown well 
S sensitivity of the curve of the 
unknown well 
S sensitivity of the curve of the 
known well 
This 


this manner because it is believed that 


correction has been made in 


the reader will find it more convenient 
to convert the deflections of the un 
known curve to the seale of the known 
curve and then compare these converted 
deflections to the 
However, it is easily possible to convert 


calibration curve 


the calibration curve to the sensitivity 
Neutron This 


may be done by allowing D, to repre 


of the unknown Curve 


sent some point on the cold calibration 


curve. D, will therefore represent the 


same point on the new curve 


ool || | | Te 
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This me ising a base line is 
illustrated by Fig 


of Edwards 


porosity data obtained 


10 showing two logs 


mestone correlated with 


from diamond 


cores. Fig shows the calibration 


curve resulting from plotting the neu 
tron deflections measured from the shale 
line against the per cent porosities de 
termined Ire ore analysis 


Dense Zones as References 


In the 1 first described, dense 
limestone wa ed as a reference line 


Neutron 


zone and in 


in that the difference on the 


Curve deflection in a shale 


a dense zone was used. It is quite tre 
quently t that cusing programs 


require casi ff shale and setting the 


casing shoe in the portion of the 


ippe 
produc tive limestone or dolomite In 
these case parison with the cased 
off shal practical, and a dense 
zone within the limestone may be se 
lected to b d as the 


for the log. I this method the Neutron 


reference line 


Curve detlection is measured from 


these deflections 


reference 
plotted against the porosities 
base or | well. The ne 

rived px for an unknown well 
the field then be determined by 
directly comparing the Neutron Curve 
deflection fr the log of the unknown 


well wit! ilibration chart obtained 


SS ee ee ee eee 
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m the known well, provided the log 
sensitivities are the same 

If the log of the unknown well was 
run on a different sensitivity from that 
of the known well, the deflections of the 
must be corrected to 


unknown well 


correspond to the sensitivity of the 


known well as has been described in 
the case of the shale line. 

“ig. 15 illustrates the application of 
1 dense zone as a reference line for the 


Neutron Curve 


Selection of the Most 
Applicable Method 

Each of the described methods of us 
ing reference lines can provide a means 
of determining neutron derived porosi 
ties for a given zone by the application 
of the calibration curve determined for 
i base or known well to the neutron 
logs of the unknown wells. Due to the 
variations from area to area in the cas 
ing programs, borehole conditions, and 
lithology, the applicable method is that 
with those condi 


most commensurate 


trons 


SPECIFIC APPLICATIONS 
Smackover Limestone 

To illustrate the technique used in 
inter 


the application of quantitative 


pretation methods, widely differing 
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fields, 


and geographically have 


both geologically, lithologically, 
been selected 
as examples. Fig. 8 shows three logs of 
wells located in the Haynesville (Deep) 


Field, 


have 


Claiborne Parish, La., which 


penetrated the Smackover lime 
stone. The logs are aligned so that the 
correlation of the shales and limestone 
beds can be observed in order to illus- 
trate the similarity of character of all 


three logs. The per cent neutron de- 

flection method of porosity interpreta- 

tion was chosen for this field because: 
The hole was entirely cased 

both 


2. Shales are present and are 


consistent and correlative 
3. Dense 
throughout 


limestone is scattered 


the A and B Smackover 
zones. 

Shale lines were determined by aver 
at the left of 


the log, the slope of which is found by 


aging the peaks of shale 


extending the line several hundred feet 
up the log. A value of one hundred per 
cent is assigned this line, since it repre 
lowest value on the log, and 


of hydro 


sents the 


shows the greatest influence 


gen on the |, component. The greatest 
deflection 


chosen as the 


within the Smackover was 


dense limstone or zero 


point. The distance from zero to one 
hundred per cent was divided into parts 
of ten, with proportional dividers, and 
lines therefrom were extended over the 
zone of interest parallel to the shale 
line 


hole 


General 


Due to excessive bottom tem- 


peratures the log of the Amer- 
ican Oil Company's Williamson-Lewis 
No, 2 has drifted to the This 
drift zero 


line and the proportional division lines 


right 


is corrected by drawing the 


parallel to the slope of the shale line 
The curve is now prepared for corre 


lation with the available core data. In 


this instance these data are already 


plotted and same 
Cor 


relations will vary slightly where coring 


correlated on the 


depth scale as the Neutron Curve 
is not continuous, and depth corrections 


be che« ked for 


A convenient method of recording 


must each individual 


core 
data is to correct all depths to the Neu 
Curve record 


tron depth scale and to 


the per cent neutron curve deflection 


directly from the log, opposite the cor 
These 


may be plotted on coordinate 


responding porosity value data 
pape: 


and a curve drawn through the average 
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OF RADIOACTIVITY LOGS 


of the points, but difficulty will be 
countered in extending the 
the limits of the available 
fore semilog graph paper wa 
for this purpose and reli 
placed on the behavior of the 
ponent as shown in Fig. 5 

Fig. 9 is the graph of the dat 
Milner No. 3 an 


It will be 


tained from the 
Williamson Lewis No. 2 
that a large dispersion of points oc: 
side of the 


on cither average 


However. dispersion i 


from the comparison of 


log deflections to the 


porosities 


the differences in sampling 


heterogeneity of the porosity 


tion. The core analysis sample 


tained from a small plug repre 


only a small portion ot 


core sample while the nev 
would be very much large: 
obtained 


curve may be 


three core samples. but no 


provement would be gained be 
averaging is accomplished by 
same samples as before 


When 


curve 


core 
established for 
may be applied to 
an unknown well, and 


derived porosity detern 


Ty 
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INTERPRETATIONS 


Luling — Edwards Limestone 


e dolo- 


Southwest 


[wo fields from t! 
Edwards | 
have 


This 


relatively 


producing 
mitic imestone of 
selected as illustra- 
differs 


oolitic 


Texas been 
from the 


Smack 


tions formation 


homogeneous 


over limestone in that the heterogeneity 


of the distribution of porosity in this 


dolomitic limestone is much more pro 


nounced. Horizontal correlation in this 


type of material is poorer, and it will 


characteristically extend over only a 


few inches of sample. For this reason 


the two methods of sampling used in 


coring and well logging will cause wide 


dispersion of data. 
Fig. 10 


wards limestone 


two logs of the Ed 


shows 


which were cored with 


a diamond core bit hroughout the 


entire zone, high porosity is present 


and no reliable dense material is avail 


able for use as a log reference line 


The Grayson shale shown at the 

the log 

throughout the 
marker. For 


as the 


top of 


is quite extensive and constant 


area, and serves as an 


excellent this reason it 


was chosen relative log reference 


line 


The log 
lished by 


reference line was estab 


drawing a Ine through the 


TIONSHIP BITWEEN. weutaon fednve 
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average of the shale peaks at the left n correcting the Neutron Curve defle: corrected to the sensitivity of the Frank 
of the log. A seale in inches is used to tion for a given sensitivity to a different Roberts No. 1. This was done by taking 
determine the changes in deflection sensitivity, a deflection of the Frank points off the Hardeman B-9 calibra- 
from the reference line. In this example Roberts No. | two inches, and the tion curve and substituting them in the 
the porosities of the dolomite are high curve was run on a sensitivity of 10.12 above equation for D,. Values of D, 
and the neutron deflection extends to inches. This deflection may be corrected were then plotted against the porosity 
the left of the reference line. To meas- to apply to the log of the Hardeman to obtain the new calibration curve. 


ure these intensity changes a negative B-9 which s run on a sensitivity of 
Jourdanton — Edwards 


Limestone 


scale in inches is established. The neu- 9.9 inches, as follows 
tron curve is then correlated with a S,x D, 


plot of the porosity, and the neutron < Another example of Edwards lime 


log deflections from zero determined 9.9x2 stone quantitative interpretation — is 


for the corresponding porosity. These shown in Fig. 12. In this example three 
9 
data are plotted on semilog graph 10.12 


1.9% logs are shown with corresponding core 
> in. 


paper with the neutron log deflections data. The neutron percentage method 


— ss deal . . or og deflect ns , 
as the abscissa and per cent porosity The corr 1 log deflection now may of quantitative interpretation was chos 


the ordinate, and an average line drawn be applied e calibration curve of en for the Jourdanton Field because of 


through the points. The neutron de- Hardeman B-9. Since the Frank Rob | 


the presence of the Grayson shale and 


rived porosity calibration curve is now erts No. 1 was cored it is possible to an extensive anhydrite bed located 


established for this log. Fig. 11 shows check the a acy of the neutron de within the productive Edwards. The 
he neu rive : - rive yrosities wi > sities de tf 
the neutron derived porosity calibra- rived poro with the porosities de procedure involved in this interpreta 


tions for the Grayburg Hardeman B-9 termined from cores. tion is identical with the method used 
and the Frank Roberts No. 1. Fig. 11, however, shows the derived for Fig. 8, with the exception of the 


To illustrate the procedure involved porosity curve for the Hardeman B-9 reference line utilized. In the Jourdan- 
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ton Field the anhydrite bed was chosen 
as the log reference instead of the dense 
limestone. Fig. 13 shows the combined 
plot of the per cent neutron curve de 
flection porosity. No 


versus per cent 


further correction 1s required for ap 
plication of this neutron derived poros- 
ity calibration curve to logs of uncored 
wells in this field provided the same 


markers are available in each well 


Permian Dolomites 


Permian dolomites of West Texas are 
highly hetergeneous and are quite often 
The 


heterogeneity of these formations cause 


contaminated by silty material 


a wide dispersion of porosity values 
over extremely short intervals and sam 
ples taken from the borehole as cores, 
are highly dissimilar to the sampling 
of the 
hole For 


determined 


Neutron Curve outside the bore 


this reason neutron porosity 


curves from logs of this 


area exhibit a greater dispersion of 


points. A further complication is intro 


duced by the presence of silty material 
whic h introduc es deflec tions in the Neu 
similar to those due to 


the effect on the | 


tron Curve 


porosity by compo 
nent of the chemically combined hydro 
gen, characteristic of silty material. In 
zones of this type the normal procedure 
must be varied slightly to determine the 
effect of the 


tron porosity curve. The 


silty material on the neu 
procedure fol 
16 accounts for and cor 
effect of the 
rial. Three logs shown are of wells lo 
cated West field, New 


Mexico, which have penetrated the San 
silty 


lowed in Fig 
rects for the silty mate 


in the Vac uum 


Andreas formation, a dolomite 
The State C-2 


well for determining the 


was chosen as the base 
neutron poros 
ity curve. The highest deflection repre 
sents dolomite of very low porosity and 


A baa! ale in 
tracing the 


is used as the log reference 
inches was established by 
log on rectangular coordinate paper to 
intensity changes from 


show the zero 


The neutron derived porosity calibra 


tion curve was determined by utilizing 
only porosity data obtained from a zone 
shown by the low intensity of the Gam 
ma Ray log to be silt free. The points 


for this curve is shown by Fig. 15 and 
it represents the neutron derived pores 
ity calibration curve for this particular 
sensitivity of 


t and B-3 
fash 


log which was run on a 
2.34 in. The data for wells ¢ 
also determined in the 


were same 
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ion and their neutron derived porosity 


plotted To illus 
trate the application of the base neu 


calibration curves 
tron derived porosity calibration curve 
to uncored wells the State C-2 neutron 
porosity curve has been 
the logs of differing sensitivity of the 
State C-4 and B-3 


broken line on each respective graph 


and is shown by the 


Correction for Silty Material 


Correction for the effect of silty ma 


terial is determined first by drawing 


an average of the lowest intensity values 


STATE C—4 
SENSITIVITY «289% 


POROSIT 





0 


NSHIP 
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FOR WEST 
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orrected to 


STATE €-2 
SENSITIVITY <234° 
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on the Gamma Ray Curve and establish 
ing a scale in inches to determine the 
The Radioac 
tivity log of the State C-4 was chosen 
for this determination of the 
which 


changes in its deflection 


because 
presence of much silty dolomite 
had been cored. By referring the Neu- 
tron Curve deflections to the derived 
porosity calibration curve an apparent 
derived porosity is found and by sub- 
tracting from it the porosity of the core 
inalysis the derived porosity subtrac 


found The 
leflections 


tive component is Gamma 


tav Curve ire then plotted 
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NEUTRON LOG DEFLECTION (IN INCHES) 
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as the abscissae and the subtractive 
components are plotted as the ordinates 
on semilog graph paper and an average 
line is drawn through these points to 
provide a silt correction curve. The silt 
correction curve for the State C-4 is 
shown in Fig. 16, and has been cor 
rected proportionally to the sensities 
of the Gamma Ray Curves of the State 
C-2 and State B-3. This procedure is 
the same as that shown by the formula 
previously shown for the correction of 
Neutron Curve deflections to a curve of 
different 


termination of the neutron derived por 


sensitivity. The complete de 
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osity may 


formula 


Where 
P. is 
porosity 
P : n pparent neutron derived 
porosity read from the neutron defles 
tion calibrat 


curve 


porosity difference 


| caused 


e in intensity of the Ne 
to the presence of h 
material This valu 
the silt correction 


ng t t the deflectior 
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of the Gamma Ray Curve. It is appar 
ent that the dispersion of points on 
the silt correction curve should be ex 
tremely high due to the chemical heter 
ogeneity of the dolomite plus the het 
erogeneity of the distribution of silty 
material plus the heterogeneity of the 


listribution of porosity 


SUMMARY AND 

CONCLUSIONS 
The theoretical basis of radioactivity 
logging has been briefly discussed and 
the physical processes determining the 
logs have been described. The neutron 
log depends mainly on two variables 
C a “chemical” factor which varies with 
the chemical composition of the sample 
on the surrounding rock and «, the ab 
sorption coefficient for the neutron flux 
in the surrounding rock. , is largely a 
function of the hydrogen content of the 
rock and therefore is most strongly af 

fected by fluid in the porosity 
The sampling of radioactivity curve 
is known to penetrate radially much 
deeper into the formation than other 
methods of sampling such as cores, re 
verse cuttings, and sidewall samples 
resulting in a much larger sample than 
those methods. The radioactivity curve 
ampling should therefore be superior 
for those 


formations exhibiting an ex 


tremely heterogeneous porosity distri 
bution 
Relative methods of quantitative in 
terpretation of radioactivity logs have 
been described which offer a means by 
which a neutron derived porosity can 
be determined for wells that have not 
been cored, by establishing a derived 
porosity curve from a_ selected bas« 
well, the data being applicable within 
limits of certain lithological and casing 
conditions. Versatility is obtained by 
itilizing the log reference points most 
ipplic able to the area. Homogeneous 


formations like the oolitic limestone 
how less dispersion of points plotted 
from these data, while heterogeneous 
formations such as Edwards limestone 
and dolomite and Permian dolomite 
show much greater dispersion 

While the methods presented in this 
paper offer the advantages of universal 


ipplic ation to radioactivity logs. wt ois 
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recognized that an absolute reference 
would offer greater accuracy to quanti- 
tative interpretation, and would increase 
the applicability of quantitative meth- 
ods to data throughout the oil produc- 
ing territories and remove the limita- 
tions imposed by changes in lithology 


and casing programs on relative quan 


titative interpretation methods. This de- 


velopment, however, still remains for 


the future 
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Dowell Selective Acidizing puts the acid where you want it! 


To get more oil from your wells, acid treatments sh« Selective acidizing is advantageous in most old wells, 
be directed accurately into selected zones. Look to Dow particularly those with residual oil to be recovered from 
for this service—selective acidizing, using the Electric tight sections; those with high gas-oil ratios, intermediate 
Pilot. water zones or leaking casing seats; and those plugged 


; ; : : baane back from bottom water or deepened to ne ay es 
Drawing on experience gained in acidizing thousand . 4 pened to new pay zones. 


wells, Dowell engineers work with you, correlatir 
Electric Pilot permeability survey with other wel 
to determine the zones which should respond 
ment. Then, with the aid of the Electric rt, th Ask for your copy of the booklet describing all the 
acidize just those zones. For example: A north Texa Dowell Electric Pilot Services. 


value for new wells with saturated zones of 
ying permeability or those with a change of formations 


the open hole 


was producing '» barrel of oil per hour and had a ga 
ratio of 20,000 to 1. After selective acidizing, the w DOWELL INCORPORATED 
PULSA 3, OKLAHOMA 


Subsidiary of The Dow Chemical Company 


produced 50 barrels of oil per hour, and the gas-oil r 
was reduced to 500 to 1! 


DOWELL 


SELECTIVE ACIDIZING 


ur nearest Dowell Station for complete information or ell services 
ot Services, Plastic Service, Chen 


, Jelflake, Paraffin Solvents, Magne 1m rosior r und FOR OIL INDUSTRY CHEMICAL SERVICE 
Bulk Inhibited Hydroch 


“Petroleum Promotes I 















Don't Get Lost 
In Your Own Well 





Lane-Wells 
Radioactivity Well 
Logging Tells You 

Accurately 


WHAT and WHERE 











You quit playing guessing games with your well when 


——— 
<= Lone-Wells runs a Radioactivity Well Log — 


that’s the verdict of leading operators all across the country. 


Hear what they say: “— the only real way to know what you h 


down there.” “Radioactivity Well Logging is practically a ‘mus 


ge, ale our Wells.” “We wouldn't have had this well otherwise. 
Gamma Ray and Collar Log before perforating is standard 


= 
= practice with us.” Radioactivity Well Logging can give you this 
a 
=— 

















same vital information for completions 
or workovers — just ask the 


nearest Lane-Wells man. 
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